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LIST OF MAJOR CHANGES FOR 1989 

1. Typographical errors corrected throughout manual. 

2. Advisory Ccmni ttee :rrenbership and Florida Statutes updated. 

3. Page 1, Introduction 

- Florida Statute revised from 335.075 to 336.045 and added 

334. 044 (10} (a} 

- Maintenance projects added to third paragraph. 

- Added two sentences to fourth paragraph. 

4. Table III-1, Page III-4 

- Added 55 MPH for Rural Arterials (Major} with speed restrictions. 

- Revised 60 MPH to 55 MPH for Rural Arterials (Minor} with speed 

restrictions. 

5. Section III.C.l, Page III-5 

- First sentence on page, "shall" changed to "should". 

6. Section III.C.7.d.l), Page III-31 

- Last sentenced, first paragraph on page, deleted 45 MPH requirercent. 

7. Section III.C.7.d.4}, Page III-32 

- Fourth paragraph on Page, First sentence replaced "replace" 

with "reduce". 

8. Table III-10, Page III-33 

- Added footnote to 60 foot ~dian width. 

9. Table III-12, Page III-36 

- Canpletely revised 

10. Section III.C.7.f, Page III-37 

- Second paragraph on page reworded. 

11. Table III-15, Page III-56 

- Added taper footnote. 

12. Table III-16, Page III-60 

- Added taper footnote. 





LIST OF MAJOR CHANGES FOR 1989 

13. Section III.C.9.h, Page III-71 

- Title of Section changed to "Clear Zone" from ''Recovery Area". 

- This tenn changed throughout manual. 

14. Section III.C.10.a, Page III-72 

- Deleted next to last sentence in first paragraph. 

15. Section IV.D.12, Page DJ-7 

- Changed AASHO to MSHTO and date from 1969 to 1984. 

16. Section V.A.3, Page V-2 

- Last sentence of first paragraph, updated manual references. 

17. Section V.B, Page V-3 (Fo~rly V-2) 

- First sentence on page, "shall" changed to "should". 

18. Section VII - Rail Highway Grade Crossing 

- Completely rewritten 

19. Section VIII.C.3., Page VIII-3 

- Deleted first ~ paragraphs on page. 

20. Section XI.C, Page XI-1 

- Reworded paragraph to update to current maintenance of traffic 

criteria sources. 

21. Section XI.D.3.L, Page XI-4 
- Deleted reference to old FIXJr Manual on Traffic C.ontrol and Safe 

Practices. 
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CONVERSION TABLES 

To Convert To MultiElY By 
Meters Cen tenreters 100. 
Meters Feet 3.2808 
Meters Inches 39.37 
Meters Yards 1.0936 
Meters/Second Miles/Hours 2.237 
Miles Feet 5280. 
Miles Meters 1609.347 
Miles Yards 1760. 
Miles/Hour Feet/Minute 88. 
Miles/Hour Kilaneters/Hour 1.609 

OUnces Grams 28.349 

Pounds Grams 453.592 
Pounds OUnces 16. 
Pounds/Cubic FCX>t Kilograms/Cubic Meter 16.0185 
Pounds/Foot Kilograms/Meter 1.48816 
Pounds/Square FCX>t Kilograms/Square Meter 4.88241 
Pounds/Square Inch Kilograms/Sq. Centimeter 0.07031 

Radians Degrees 57.30 
Rods (Surveyor's Measure) Meters 5.029 

Square Centirreters Square Inches 0.1550 
Square Feet Square Centirreters 929.0341 
Square Inches Square Centimeters 6.4516 
Square Kilaneters Square Miles 0.3861 
Square Meters Square Feet 10.7639 
Square Meters Square Yards 1.1960 
Square Yards Square Meters 0.83613 
Tons(I.Dng) Kilograms 1016.047 
Tons(I.Dng) Pounds 2240. 
Tons(Metric) Pounds 2204.62 
Tons(Metric) Tons(Short) 1.1023 
Tons (Short) Kilograms 907.185 
Tons(Short) Pounds 2000. 
Yards Centirreters 91.44 
Yards Feet 3. 
Yards Meters 0.9144 

Acres Square Meters 4047. 

Centirreters Inches 0.3937 
Centimeters Millimeters 10. 
Cubic Centineters Cubic Inches 0.0610 
Cubic Feet Liters 28.31625 
Cubic Feet Cubic Meters 0.02832 
Cubic Inches Cubic Centimeters 16.387 
Cubic Inches Liters 0.016387 
Cubic Meters Cubic Feet 35.3145 
Cubic Meters Cubic Yards 1.3079 
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INTRODUCITON 

The purpose of this Manual is to provide unifonn minimum standards and 
criteria for the design, construction and maintenance of all public 
streets, roads, highways, bridges, sidewalks, curbs and curb ramps, cross
walks where feasible, bicycle paths, underpasses and overpasses used by the 
public for vehicular and pedestrian traffic as directed by Sections 
334.044(10) (a) and 336.045 Florida Statutes. 

These standards are intended to provide the basic guidelines for devel
oping and maintaining a highway systen with reasonable operating character
istics and a minimum number of hazards. 

The standards established by this Manual are intended for use on all 
new construction projects. It is understood that the Standards herein 
cannot be applied canpletely to all reconstruction and maintenance type 
projects, however, the Standards should be applied to the extent that 
econanic and envirornrental considerations and existing developnant will 
allow. 

When this Manual refers to guidelines and design standards given by 
current American Association of State Highway and Transportation Officials 
(fornerly AASHO) publications, these guidelines and standards should gener
ally be considered as minimum criteria. The Florida Department of 
Transportation may have standards and criteria which exceed the minimums 
presented in this manual or by AASH'ID, for streets and highways under its 
jurisdiction. Departrrent standards, criteria and manuals must be used in 
conjunction with this manual when preparing projects for the Department. 

The criteria and standards set forth in other Manuals which have been 
included by reference shall be considered as requirenents within the 
authority of this Manual. 

Policy 

Specific PJlicies governing the activities of planning, design, con
struction, reconstruction, maintenance or operation of streets and highways 
are listed throughout this Manual. All agencies and individuals involved 
in these activities shall be governed by the following general policies. 

1) Each public street and highway, and all activities thereon, shall be 
assigned to the jurisdiction of sare highway agency. Each highway 
agency should establish and maintain a program to prarote safety in all 
activities on streets and highways under its jurisdiction. 

2) Highway safety shall be considered and given a high priority in order 
to prarote the achievenEnt of the maximum safety benefits for given 
expenditures and efforts. 

3) The provision for safe, high-quali\y streets and highways should take 
priority over the provision for th~-Ina.ximum highway mileage obtainable 
for the available funds. 
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Objectives 

The planning, design, construction, reconstruction, maintenance and 
operation of streets and highways should be predicated upon meeting the 
following objectives. 

1) Develop and maintain a highway system that provides the safest practi
cable environment for rrotorists, cyclists, pedestrians and work:m:m. 

2) Establish and maintain procedures for construction, maintenance, util
ity and emergency operations that provide for safe highway operating 
conditions during these activities. 

3) Provide streets and highways with operating characteristics that allow 
for reasonable limitations upon the capabilities of vehicles, drivers, 
cyclists, pedestrians and workers. 

4) Provide unifotmity and consistency in the design and operation of 
streets and highways. 

5) Provide for satisfactory resolution of conflicts between the highway 
system and social and environmental considerations to aid neighborhood 
integrity. 

6) Reconstruct or nx:x:lify existing facilities to reduce the hazard to the 
highway users. 

7) Reduce the deaths, injuries and damage due to highway crashes • 

.Additional general and specific objectives related to various topics 
and activities are listed throughout this Manual. Where specific standards 
or recarmendations are not available or applicable, the related objectives 
shall be utilized as general guidelines. 

Definition of Tenns 

The following tenns shall, for the purp:>se of this Manual, have the 
neanings respectively ascribed to them, except in instances where the con
text clearly indicates a different meaning. 

Shall 

Should 

May 

- A mandatory condition. Where certain requirements are 
described with the "shall" stipulation, it is 
mandatory that these requirarents be met. 

- An advisory condition. Where the "should" is used, it 
is considered to be advisable usage, recornnended but 
not mandatory. 

- A permissive condition. Where the word "may" is uSea, 
it is considered to denote permissive usage. 

- Average daily 'bNo~Nay volUllE of traffic. 
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DHV 

Highway, Street or 
Road 

Frontage Road 

Roadway 

Turning Roadway 

Intersection 

- Design hourly two~ay volume of traffic. 

- A general tenn denoting a public way for purposes of 
vehicular traffic, including the entire area within 
the right of way. The term street is generally used 
for urban or suburban areas. 

- A street or highway constructed adjacent to a higher 
classification street or highway for the purpose of 
serving adjacent property or control of access. 

- The portion of a street or highway, including shoul
ders, for the intended use of vehicles. 

- A connecting roadway for traffic turning between two 
intersection legs. 

- The general area where tw'o or rrore streets or highways 
join or cross. 

Grade Separation - A crossing of two roadways or a roadway and a railroad 
or pedestrian pathway at different levels. 

New Construction - The construction of any public road facility (paved or 
unpaved) where none previously existed, or the act of 
paving any previously unpaved road, except as provided 
in Section III -A of these standards. 

Reconstruction - Any road construction other than new construction. 

Traveled Way - The portion of the roadway for the rroverent of vehi-
cles exclusive of shoulders. 

Right-of-Way - A general term denoting land, property or interest 
therein, usually in a strip, acquired for or devoted 
to transportation purposes. More specifically, land 
in which the State, the Depa.rtrrent, a county or a 
rm.micipality owns the fee or has an easenent devoted 
to or required for use as a public road. 

High Speed - Speeds of 50 mph or greater. 

Design Speed - A speed detennined for design and correlation of ~ 
physical features of a highway that influence vehicle 
operation. It is the maxirm..lm safe sp:ed that can be 
rraintained over a specified section of highway when 
conditions are so favorable that the design features 
of the highway govern. 

Operating Speed - The highest overall speed at which a driver can travel 
on a given highway under favorable weather conditions 
and under prevailing traffic conditions without at any 
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Average Running 
Speed 

Vehicle 

Bikeway 

Wide CUrb Lane 

Expressway 

Freeway 

tirre exceeding the safe speed as detennined by the 
design speed on a section-by-section basis. 

- For all traffic, or canp::>nent therof, the sumnation of 
distances divided by the stmmation of running times. 

- Every device in, upon, or by which any person or 
property is or may be transported or drawn upon a 
travelway, excepting devices used exclusively upon 
stationary rails or tracks. 

- Any road, path, or way which in sore manner is spe
cifically designated as being open to bicycle travel, 
regardless of whether such facilities are designated 
for the exclusive use of bicycles or are to be shared 
with other transportation rrodes. 

- A portion of the roadway which has been designated for 
shared use by bicycles and rrotorized traffic, 
characterized by a curblane which is of such width 
that bicycle and notorized traffic can be accamodated 
in the same lane. This lane should always be the 
through lane closest to the curb (when a curb is pro
vided) or the shoulder edge of the road when a curb is 
not provided. 

- A divided arterial highway for through traffic with 
full or partial control of access and generally with 
grade separations at major intersections. 

- An expressway with full control of access. 
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SECTION I: PLANNING 

A. Introduction 

Planning, as discussed in this section, is not to be confused with th':j 
broader trans{X)rtation systems' planning and project prograrrming which 
nonnally precedes the design, construction and maintenance of highways. 

All prerreditated actions require planning, in the sense that the tenn 
is used herein. This type of planning insures that the proper staffs will 
perfonn their tasks in a unifonn and efficient manner, using the rrost 
effective procedures, techniques, materials and equiprent to accanplish 
their assigned function. 

The purpose of this manual is to provide tJ~e knowledge and guidance 
necessary to plan and accanplish assigrments with a high degree of effi
ciency. 

Developing and maintaining an efficient highway system requires careful 
planning by each unit in a highway agency. This would include both 
planning for the design and construction of streets and highways and plan
ning for operating the facilities. Overall planning 'WOUld include a con
sideration of all aspects of design, construction and operations (including 
maintenance) that may affect the resulting characteristics of streets and 
highways. These characteristics will be significantly affected by t.~e 
degree to which the various demands and requirerrents on the highway system 
are satisfied in the initial planning and design. 

successful highway design requires that the role of each new facility 
in the overall highway system be clearly delineated. The detennination and 
clear definition of the function and classification of each street and 
highway is also required. The safety and efficienty of new facilities is 
predicated, to a large extent, on corridor selection and the provisions for 
adequate right of way, alinem:mt, and access control. The initial planning 
and design should also consider provisions for future m::xlifications and 
upgrading required by changes in speed, volUITE or standards. 

The plans for actually operating a new street or highway should re 
considered in the initial planning and should be closely C'OOrdinated with 
the design of the facility. The developnent of plans and procedures for 
successfully operating the existing highway system rrrust include a consider
ation of all activities that affect the operating characteristics of each 
street and highway. 

B. Conflicting Criteria 

The developnent of safe streets and highways should receive the highest 
priority in the design process. This objective may, however, tend to be 
canpromised by other conflicting requirerrents and demands up::>n the highway 
system. The following criteria should be considered and resolved in 
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the initial planning and design of streets and highways to avoid a sacri
fice of the required safety characteristics. 

1. Econanic Constraints 

Econanic constraints frequently appear to dictate that a reduction 
in quality of a given street or highway is necessary. A proper considera
tion of long-range econanic and safety benefits will generally indicate 
that reduction in quality is undesirable. The philosophy of obtaining 
maxinrum highway mileage for the available funds is unsatisfactory fran a 
safety viewpoint and is generally poor econan:i.cs. The prarotion of quali
ty, rather than quantity, generally leads to the best use of highway ftmds. 

The allocation of sufficient funds for obtaining the proper corri
dor and adequate right of way and alinement should receive the initial 
priority. Future acquisition of additional right of way and major changes 
in alinenent are often econanically prohibitive. This, of course, can 
result in substandard streets and highways with pennanent hazards. Recon
struction or m:xiification under traffic is expensive, as well as inconven
ient and hazardous to the rrotorist. This increase in costs, haza....~s and 
inconvenience can be limited by initial developrent of quality facilities. 

In detennining the cost/benefit ratio for any prop:>sed facility the 
econanic evaluation should not be confined to the actual expenditure of 
highway funds and the capacity and efficieny of the facility. The overall 
costs and benefits of various alternatives should include an evaluation of 
the probable envirornoontal, camrunity and social impact and their effect 
up:>n highway quality and cost. Econanic constraints should not be 
considered as sufficient justification for building low quality, hazardous 
streets and highways, as human life should be considered in the 
cost/benefit analysis. 

2. Access 

The danand for access to streets and highways by adjacent property 
owners can produce prob lens. Al though the public rrn.Ist have reasonable 
access to the highway netw::>rk, it is necessary to have certain controls and 
restrictions. Allowing indiscriminate access can seriously cc::mpranise the 
safety, capacity, and level of service of a street or highway, ttnm 
reducing its utility and general econanic value. 

The proper layout of the highway netw::>rk and the utilization of 
effective land use controls (see Section II LAND DEVELOPMENT) can provide 
the basis for regulating access. The actual access controls should confonn 
to the guidelines given in Section III GE:G1ETRIC DESIG.1. 

3. Maintenance Capabilities 

The planning and design of streets and highways should include 
provisions for the performance of required maintenance. The planning of 
the expected naintenance program should be coordinated with the initial 
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highway design to ensure that maintenance activities may be conducted wit.11-
out excessive traffic conflicts or hazards. 

4 • Utility 0pera tions 

The placerrent of utilities in t.11e highway ::.:ight of way should be 
closely regulated. The planning and design of streets and highways should 
include guidelines and regulations for any utility activities within the 
highway right of way. Utility locations that are physical obstructions or 
create hazardous conditions during maintenance should be avoided. 

5. Energency Response for Fire, Police, etc. 

The developrent of an effective errergency response program is 
dependent upon the nature of the highway network and the effectiveness of 
the operation of the system. Provisions for emergency access and camruni
cation should be considered in the initial planning and design of all 
streets and highways. 

6 • Envirormiental Impact 

The construction and operation of streets and highways frequently 
produces an adverse effect upon the envirorrrrent. Early consideration and 
solution of environmental problems can avoid costly delays and modifica
tions that may carpranise the quality and efficiency of operation. Specif
ic problems that are often encountered include t.,e following: 

a. Blockage of light and air. 
b. Noise pollution. 
c. Air and water pollution. 
d. Interruption of the hydrolCXJical system. 
e. Degradation of the biological system. 

7. Ccrmrunity and Social Impact 

The quality and value of a camrunity is directly influenced by th~ 
layout and design of streets and highways. The quality of the network 
determines the freedan and efficiency of rrovarent. Inadequate design of 
the network and pc:x>r land use practices can lead to undesirable camrunity 
separation and deterioration. The .specific design of streets and highways 
has a large effect upon the overall esthetic value which is :imp:>rtant to 
the rrotorist and resident. 

The proceding problems should not provide t.i.11€ basis for a decision 
to canpranise quality and cost. These conflicting criteria may be resolved 
through early cooperation and canplenentation rather than ~titian. It 
is the responsibility of the planner and designer to consider and, where 
possible, to select alternatives that alleviate conflicts and prarote 
positive solutions to these interrelated problems. 
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C. Highway Function and Classification 

A deterrniriation of the function and operational requirements,, and a 
clear definition of the classification of each new facility are rsquired 
prior to the actual design. 

1. Function 

The design of each new street or highway is based upon its function 
in the highway system. The operational requirements that must be satisfied 
to fulfill this function are dependent up:m the following factors.: 

a. Voluire 

The volurre of traffic that must be carried by the facility is a 
primary factor governing the design. Variations in volurtE with respect to 
direction and t.i.J~ should also be evaluated to detenn.ine the ~ 
requir€1!lelts for peak capacities. 

b. Vehicle Type 

The types and relative voluires of vehicles expected to use a 
street or highway influence trip characteristics and design features .• 

c. Trip Characteristics 

The flmction of a new facility is, to a large e.xtE!nt, ilet~..r
mined by the length and purpose of vehicle trips. These trip characte~:-i3-
tics are influenced by land use characteristics and the highway : :.eh.ork 
layout. 

d. ~ 

The operating speed to be maintained should meet reasonable~ 
expectations of the driving public. 

e. Safety 

The provisions of streets and highways with safe operating 
characteristics shall be considered as a primary requirement. 

f. level of Service 

The level of service is essentially a neasure of the ,quality of 
the overall operating characteristics of a street or highway. The factors 
involved in determining the level of service include speed and safety., as 
well as travel tirre, traffic conflicts and interruptions, freedCln to 
maneuver, driving convenience and canfort., and operating costs. The leve ~
of service is also dependent upon the actual traffic volume and canposition 
of traffic. 
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g. Access Requirements 

The degree and type of access pennitted on a given focility i.s 
dependent up::m its intended function and should confonn to the guidelines 
given in Section III GEX:METRIC DESIGN. Reasonable access control must be 
exercised to allow a street or highway to fulfill its function. 

2. Classification 

Road classifications are defined in Section 334.03 of the Floridd 
Statutes. Functional classification is the assigrnnent of roads into sys
tems according to the character of service they provide in relation to the 
total road network. 

a. Basic Classification 

Basic functional categories include arterial, collector, arid 
local roads which may be sul:rlivided into principal, major or minor levels. 
These levels may be additionally divided into rural and urban categories. 
'Ibis basic classification system is utilized throughout this manual. 

1) LJ)cal 

A route providing service which is of relatively low aver
age traffic voltlITe, short average trip length or minimal ti4"'"0ugh-traffic 
oovements, and high land access for abutting property. 

2) Collector 

A route providing service which is of relatively r:oderate 
average traffic volllJTe, m:xierately average trip length, and m:xierately 
average operating speed. These routes also collect and distribute traffi · 
between local roads or arterial roads and serve as a linkage between land 
access and nobility needs. 

3) Arterial 

A route providing service which is relatively ~ontinuous 
and of relatively high traffic volurre, long average trip lengtJ1, high oper
ating speed, and high nobility i.mt::ortance. In addition, all United States 
numbered highways shall be arterial roads. 

b. ClaJsification Modifications 

The design and classification of streets and highways should 
also be ba.sed upon a consideration of driver expectations. 'flle function of 
any facility, as perceived by t.l-le driver, essentially detennines the 
driver's willingness to accept restrictions upon speed, capacity, access or 
level of service. 
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The basic classification system may also be m::xilfied by the~ 
following variables. 

1) Urban/Rural 

In urban areas drivers will generally a.ccept lower speeds 
and levels of service. Econanic constraints in urban areas are also gener
ally nore Severe• Minor m:x:lificatiOnS in design criteria are I t.tierefore I 
appropriate for urban streets. 

2) Major/Minor 

Street:; or highways may be classified as major or minor 
depending upon the traffic volUire, trip length and travel nobility. 

D. Operation 

The concept of positively operating the existing highway : ~eo...ork as a 
system is essential to praOC>te safety, efficiency and econany. This 
requires ~rehensive planning and coordination of all activities on each 
street and highway. These activities would include maintenance, construc
tion, utility operations, traffic rontrol, and emergency :.:esponse opera
tions. Although the behavior of the individual m:>torist is sarewhat inde
pendent, driver actions and response, also, can and should be considered as 
an integral part of the operation of streets and highways. Coordination of 
the planning and supervision of each activity on each facility is necessary 
to achieve safety and efficient operation of the total highway system. 

1. Policy 

F.ach highway agency with general responsibility for existing 
streets and highways should establish and maintain an operations depart
rcent. Each existing street or highway should be assigned to the jurisdic
tion of the operations departnent. The operations department shall be 
responsible for planning, supervision and coordinating all activities that 
affect the operating characteristics of the highwa.y system under its juris
diction. 

2. Objectives 

The primary objective of an operations department shall be to main'"'! 
tain or inprove the operating characteristics of the highway system under 
its jurisdiction. These characteristics include safety, capacity and level 
of service. The preservation of the function of each facility, which would 
include access control, is necessary to maintain these characteristics and 
the overall general value of a street or highway. 
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3 • Activities 

The achievanent of these objectives ~equires the perfo1inance of a 
variety of ccx:>rdinated activities by the orerations depa.rtrcent. The fol
lowing activities should be considered as minimal for praroting t.."ie safo 
and efficient operation of a highway systan. 

a. Maintenance and Recon:::;t.-uction 

Maintenance or upgrading the quality of existing facilities is 
an essential factor in preserving desirable operating characteristics. The 
planning and execution of maintenance and reconst.l.1.1ction activity o~ 
existing facilities nrust be closely ccx:>rdinated with all other operational 
activities and, therefore, should be under the general supervision of th,-7 
operations department. 

All maintenance work should be conducted in accordance with t..1-ip 
requirements given in Section X MAINTENANCE. The priorities and procedures 
utilized should be directed towards improvement of the existing system. 
The standards set forth in this Manual should be used as guidelines for 
establishing maintenance and reconstruction objectives. All maintenance 
and reconstruction projects should be planned to minimize traffic conflicts 
and hazards. 

b. Work Site Safety 

An important responsibility of the operations depa.rtrcent i3 th2 
prarotion of work site safety on the existing highway system. The planning 
and execution of maintenance, construction and other activities shall 
include provisions for the safety of rrotorists, pedestrians and worklren. 
All work shall b:.:! conducted in accordance with the requirements presented 
in Section XI WJRK SITE SAFETY. 

The work of contractors, utilities a..11d all other persons 
performing work on the right-of-way should be controlled by the operations 
depa.rtrcent. This not only includes inspections necessary to assure that 
contractors performing work for the agency canply with contract plans and 
specifications for safe "WOrk procedures, but also that all other persons 
working on the right-of-way canply with the conditions of their penni.ts and 
all laws and regulations concerning the safe handling of traffic. 

c. Traffic Control 

Traffic engineering is a vital canponent of highway operation. 
'!be planning and design of traffic control devices should be carried out in 
conjunction with the overall design of t.l-ie street or highway. The devices 
and procedures utilized for traffic control should be predicated upon 
developing uniformity throughout e1e system and canpatibility with adjacent 
jurisdictions. 
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A primary objective to re followed in establishing traffi · 
control procedures is the prarotion of safe, orderly traffic flay. The 
cooperation of police agencies is essential for the achiev·:ment of thi:; 
objective. Traffic control during maintenance, construction, utility or 
emergency response operations should receive special consideration. 

d. Emergency Response 

The ~rgency response ~cti vi ties (e.g. , emergency :aintenance and 
traffic control) of the operations depart:Ioont should be closely coordinated 
with the work of police, fire, ambulance, rredical and other errergency 
response agencies. The provisions for ~gency access and cacmunications 
should be included in the initial planning for these activities. 

e. Coordination and Supervision 

The coordination and supervision of activities on t~e highway 
system should include the follCMing: 

1) Supervision and/or coordination of all activities of the 
operations department and other agencies to prainte safe and efficient 
operation. 

2) Coordination of all activities to provide consistency within a 
given jurisdiction. 

3. Coordination with adjacent jurisdictions to develop canpatibl · 
highway systems. 

4. Coordination with other transportation rrodes to prcrcote overall 
transportation efficiency. 

f. Inspection and Evaluation 

~ actual operation of streets and highways provides valuabl~ 
experience and information regarding the effectiveness of various activi
ties. Each operations depart:Ioont should maintain a canplete inventory of 
their highway system and continuously inspect and evaluate the priorities, 
procedures and techniques utilized in all activities on the existing system 
under its jurisdiction. Activities by other agencies, as well as the 
highway agency, should be subjected to this surveillance. 

The praintion of highway safety should be aided by including a 
safety office (or officer) as an integral part of the operations depart
ment. 'lhe functions of this office would include the identification and 
inventory of hazardous locations and procedures for improving the safety 
characteristics of highway operations. 

The results of this inspection and evaluation program should be 
utilized to make the rrodification necessary to prarote safe and efficient 
operation. Feedback for m::xiifying design criteria should be generated by 
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this program. The experience and data obtained from operating tJie sy3te--n 
should be utilized as a basis for reccnnending regulatory changes. The 
coo:peration of legislative and regulatory agencies is essential to dev·~~10~ 

the regulation of vehicles, driver behavio:r-, utility and anergency response 
activities, and the access and land use practices necessary for the safe 
and efficient operation of the highway system. 
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SECTION II: LAND DEVEWPMENT 

A. Introduction 

A major :pJrtion of street and highway c:onstruction i.3 generated by land 
developnent for residential, cat1TY2rcial and industrial uses. The general 
land use layout influences, to a large d~, the connections with 
adjacent highway networks and with different trans:pJrtation nodes. The 
techniques, principles and general layout used for any developrent also 
dictates the resulting internal highway network. The arrangerent and space 
allocation for b.'1is network also determines whether safe, 8fficient and 
econanical streets and highways can be developed. 

The existing practices used in land developrent often do not prarote 
the developn=nt of a high quality highway network. Poor developne.nt lay
outs often result in streets and highways with bad alinerrent, L1sufficient 
sight distance and inadequate cross section. Inadequate network design can 
also lead to unnecessary and undesirable mixing of vehicular and pedestrian 
traffic. Insufficient space allocations result in cramped, hazardous 
intersections, narrow roadside clear zones and inadequate room for future 
rrodification and expansion. The frequent failure to provide reasonable 
control of access causes hazardous operating conditions and a drarratic 
reduction in the capacity and econanic value of streets and highways. 

Although there are many conflicting danands in land developrent, th~ 
provision of an adequate highway network is essential to preserve the 
social and econanic value of any area. Nt'W developn::nt controls are needed 
to aid in the develoµnent of safe streets and highways that will retain 
their efficiency and econanic worth. Provisions for adequate alinerrent, 
right~f-way, setbacks and access control are essential. 

It i.:-; recognized that there are many legal and social problems involve.l 
in land use controls. The proper coordination and cooperation aroc>ng the 
public, various governm:mtal bodies and the highway agencies should, 
however, allow for the solution of many of these problems. If adequate 
land developrr=nt controls are not used, substandard streets and highways 
will continue to be constructed. 

B. Objectives 

The provision for vehicular and pedestrian safety should be an impor~ 
tant objective to be considered in land developnent. Other land develop
ment objectives, that are related to highway transp::>rtation, should include 
the praootion of snooth traffic flow, efficiency, econany, esthetics and 
envirorunental canpatibility of the highway network. 

General objectives for land developrent that should be foll~ to 
prarote good highway design include the folla.Ying: 
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1. Preserve t.11e function of each street and highway (e.g., the use of 
arterial and collector streets for local circulation seriously 
canprornises their safety and capacity. 

2. Provide for snooth, logical traffic flow patterns. 

3. Reduce traffic conflicts and confusion to a minimum. 

4. Allow for the application of safe g~tric design principles 
(e.g. , provide adequate alinerrent and right-of-wdy) . 

5. Provide for bicycle and pedestrian safety. 

6. Provide for future rrodifications and expansion. 

7. Provide for environmental c~tibility. 

C. Prin.~iples and GuidelL-1es 

Due to the many variables inv(_•lved in land developrent, :c;pecific stan
dards and requirements for land use and highway nettNork layout cannot be 
established. The use of sound principles and guidelines can, ~'\OWev~~r, aid 
in rceeting the objectives of a better highway network. The proper planning 
and design of the developrent layout is necessary to provide a satfafactory 
highway network and to allow for the construction of safe roadways. The 
following principles and guidelines should be utilized in the design of ~ 
highway neb-.1ork, in the control of access and in the land use allocation 
and restrictions that would affect vehicular and pedestrian use. 

1. Network Design 

The general layout of the highway netv.ork establishes t.11e traffi -
flow patterns and conflicts; thereby detennining the basic safety and effi
ciency criteria. The design of the highway netw::>rk should be based up::>n 
the following principles: 

a. The layout of street and highway systems should be logical and 
easily understood by the notorist. 

b. The design and layout of all streets and highways should clear
ly indicate their function (arterial, collector, etc.). 

c. IDcal circulation patterns should be carpatible with adjacent 
areas. Arterials and collectors should not be interrupted or substantially 
altered at developrent boundary lines. 

d. Flow patterns should be designed to discourage through irotor
ized traffic fran using local street networks. 
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e. El~nts in ~~e local circulation should ~ adequate to avoid 
the need for extensive traffic controls. 

f. The internal circulation should be sufficient to provide rea
sonable travel distances for local trips. 

g. The highway ne~rk should be ccrnpatible with other tra.'iSr:orta
tion rrodes such as mass transit and pedestrian and bicycle facilities. 
Conflicts between different rrodes (particularly with pedestrian and bicyck: 
traffic) should be kept to a mininrum. 

h. The highway ne~rk layout should be designed to reduce inter
nal traffic conflicts. Particular arphasis should be directed towards 
eliminating substantial speed differentials and hazardous tllnling and 
crossing maneuvers. The following principles should be utilized for con
flict ~eduction: 

1) The number of intersections should be kept to a minimum. 

2) One-way streets should ~ used wherever feasible. 

3) L.xal streets should be designed (by l~ngth, · t~. ) to limit 
vehicle speeds. 

4) The ne~rk should be designed to reduce the number of 
crossing and left turn maneuvers that are required. 

5) I.Dcal street ne~rks should follo.v a branching pattern 
with T-intersections. Highly interconnected grid networks 
are generally rrore hazardous. 

2. Access Control 

The standards and requirements presented in Section III GEIME.TRIC 
DESIGN, are absolutely necessary to maintain safe and efficient streets and 
highways. Failure to provide adequate control of access has seriously 
damaged many existing roadways. Unrestricted access to major collectors 
and arterials has dramatically reduced their capacity and general econanic 
value. The safety characteristics of these facilities has similarly been 
diminished by significantly increasing the number of vehicular, pedestrian 
and bicycle traffic conflicts. 

The utilization of proper control over access is one of ti"le rrost 
effective and econanical Ireans for maintaining the safety and utility of 
streets and highways. The procedures and c:ontrols used for land develop
ment significantly affect access control. The following principles should 
be utilized in the fonrn.ilation of land use controls for limiting access to 
streets and highways. 

a. The standards presented in Section III GEIME.TRIC DESIGN, 
Access Control should provide the basis for establishing land developre:1t 
criteria for control of access. 
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b. The use of a street or highway as an integral part of the 
internal circulation pattern on private property should be prohibited. 

c. The intersection of private roads and driveways with public 
facilities should be strictly controlled. 

d. All urban private driveways should be limited to local and 
minor collector streets. 

e. Uxban arterials and major collectors should be free fra:n access 
by driveways and local streets. 

f. Comercial strip developrent, with the associated proliferation 
of driveways, should be eliminated. 

g. The function of all streets and highways should be preserved by 
the application of the appropriate access controls. 

h. The spacing and location of access points should be predicated 
upon reducing the total traffic conflict. 

i. Hazardous maneuvers should be restricted by access contra.ls. 
For exanple, crossing and left turn maneuvers may be controlled by continu
ous nedi.an separation. 

3. Land Use Allocation and Restriction 

~ provision of adequate space (and the proper location) for va::~i
ous activities is essential to prcm:>te safety and ~fficiency. T'ne f. )llCM

ing guidelines should be utilized in land use allocation. 

a. Major traffic generators (v hicular, pedestrian and bicycle) 
should be located to provide the minimum conflict with other traffic. 
These generators should include schools, shopping centers and business 
establishments. 

b. Adequate corridors and space should be considered for utili
ties. Utility locations should be carefully chosen to minimize interfer
ence with the op?ration of tlle streets and highways. 

c. Adequate space for drainage facilities should :be p:-ovided. 
Open ditch drainage facilities should be located well clear of the t...-a.V<:~led 
way. 

d. Design for pedestrian and bicycle facilities should canply with 
SEX:TIONS VIII and IX of this Manual. 

e. Adequate space should be provided for off-street parking. Thi~; 
is essential .in ccnnercial and industrial areas. 
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f. Setback requirercents should be adequate to provide ample sigh:: 
distance at all intersections. 

g. Sufficient space should be allocated for t..'1e develoy;.nent of 
spacious and unrestricted intersections. 

h. Space allocation for street lightL-i.g (existing or planned) 
should be incorp::>rated into the initial plan. Supp:>rts for this lighting 
should be located outside of the required roadside recovery area unless 
they are clea::-ly of breakaway type, or are guarded by adequate protective 
devices. 

i. Sufficient right-of-way should be provided for future widening, 
m:x:lification or expansion of the highway network. 

j. Adequate corridors for future freeways, arterials or majo:_· 
collectors sh:>Uld be provided. 

D. Conflict and Coordination 

There are many demands that tend to conflict with the developrent of 
safe and efficient streets and highways. Meeting the danand for access can 
frequently destroy the capacity of a roadway. The pressure to limit the 
arrount of land dedicated for streets and highways inhibits the construction 
of an adequate highway systen. Proper coordination between highway 
agencies and other goverrirrental bodies can, h~ver, assist in improving 
the procedures used in land developrent. Cooperation should be solicited 
from legislative l:xxiies, courts, planning and zoning departnents and other 
governnental agencies to aid in guaranteeing a well designed and adequate 
highway network. Coordination with developers , engineers , archi tec"ts , 
contractors and other private individuals, which is also beneficial, should 
be a continuous process. 

E. Control Techniques 

The ~.iplerrentation of a sound highway transportation plan requi~es 
certain controls. A logical network design, adequate access controls and 
proper land use allocations are dependent upon proper land developrent 
practices. Techniques that may be utilized to establish these necessary 
controls include the following: 

1. Eminent Danain 

The purchase of property tltrough t.'1-ie e.xe::-cise of eminent danain is 
one of the roost effective means for land use control. The acquisition of 
sufficient right-of-way iJ essential to allow for the 8onst._~ction of ade
quate streets and highways as sr:ecified in Section III GECMETRIC DESIGN and 
Section DI ROADSIDE DESIGN. The provision of adequate space for clear 
roadsides, sight distance, drainage facilities, buffer zones, frontage 
roads and future expansion is also necessary to develop and r:iaintain saf'-~ 
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streets and highways. Legislation enabling the purchase of land for all of 
the preceeding requirements should be solicited. 

2 • PolL~e Power 

The regUlatory authority f)f state and local highway agencies (and 
other related agencies) should be sufficient to implanent the necessary 
land use controls. The necessary legislation to provide this aut.l&ority 
should be solicited by all highway agencies. The following general regula
tory requirements and specific areas of control should be considered as 
minimun. 

a. General Regulatory R;quirements 

Regulatory authority should include the following: 

1) General highway transportation plans should be enforceable. 

2) Enforcem=nt allocation of highway corridors for future 
expansions is absolutely essential. 

3) Precise developrent plot plans that clearly r:.how a.11 high
way layouts, pedestrian and bicycle facilities and utility corridors should 
be required. The execution of these plot plans should .be enforceable. 

4) Building penni ts and zoning should r.·;quire approvals by 
appropriate highway agency. 

5) A safety check of prop:>sed streets and highways should be a 
required step in the review and acceptance of all developnent plans. 

6) The necessary elenents for achieving these highway goaL 
should be incorporated into all land use and zoning ordinances. 

b. Specific Control 

Specific areas of control that are necessacy to develop ade
quate and efficient roadways may include the following: 

1) Land use allocation. 

2) Control of access. 

3) Ori veway design • 

4) Street and highway layout. 

5) LJ::x:ation of vehicular and pedestrian generators. 

6) LJ::x:ation of pedestrian and bicycle facilities. 
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7) Setback requirerrents for sight distances and clear 
roadsides. 

3. Contracts and Agreements 

Where land purchase or regulatory authority is not available or 
appropriate, the use of contractual arrangarents or agreerrents with indi
viduals can be beneficial. Negotiations with developers, builders and 
private individuals should be used, where appropriate, to aid in the imple
xrentation of the necessary controls. 

4 • &iucation 

Education of the public, developers and govemnental bodies can be 
beneficial in praroting proper land develoµnental controls. The need for 
land allocation, access control and design standards should be clearly and 
continuously emphasized. Successful solidification of the cooperation of 
the public and other governmental bodies depends upon clear presentation of 
the necessity for reasonable land developrent controls. 

F. Reconstruction 

The L-:planentation of sound land developrent controls can, of course, 
be extr~ly beneficial in recon8truction activity. 
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SECTION III: GEX:MEirRIC DESIG'~ 

A. Intrc.duction 

Gearetric design is defined as the design or prop:>rtioning of t"1e visi
ble elerrents of the street or highway. The gearetr1 of the roadway is elf 
central iJ~rtance since it p::..uvides the f::..:~rk for the design of ottie_· 
highway elements. In addition, the gecmetric design establishes the basic 
nature and quality of the vehicle path which has a primary ef feet U?J:i t'l-i · 
overall safety characteristics of the street or highway. 

In order to achieve a total design which is consistent and safe, th : 
design of roadway gecrretry must be conducted in close coordination with the 
other design ele.rcents. These other elercents would include: pav~:ent 
design, roadway lighting, traffic control devices, drainage and structural 
design. The design should consider safe roadside clear zones, pedestrian 
safety, e.rcergency resp:mse and rraintenance capabilities • 

The safety characteristics of the design should be given primary con
sideration. The initial establishment of sufficient right-of-way and ade
quate horizontal and vertical alinerrent is not only ~ssential fran a safety 
standpoint but also necessary to allow future upgrading and expansion 
without exorbitant expenditure of highway funds. 

The design elerrents selected should be reasonably unifonn but shouU 
not be rigid and inflexible. 

The minimum standards presented in this section should not automati..-:al
ly becare the standards for geanetric design. The designer should conti: lU

ously use his initiative and ability to provide a consistent design of 
superior safety characteristics. Reconstruction and maintenance of eXi3t
ing facilities should, where feasible, be directed towards rreeting these 
standards. 

Because of the relatively la.v traffic volurres and ti'1e extensive mile
age, design standards for local roads and streets are of a canparatively 
low order as a matter of practicality. In restricted or unusual condi
tions, it may not be possible to rreet the minimum standards. However, 
ever:y effort should be made to obtain the best possible alinement, gr-ade, 
sight distance and proper drainage that are consistent with the terrain, 
the developrent, safety and fund availability. 

The design features of urban local streets are governed· by practical 
limitations to a greater extent tit-ian those of similar roads in rural areas. 
The two daninant design controls are: 1) The type and extent fran urban 
developnent and its limitations on rights-of-way, and 2) zoning or 
regulatory restrictions. Sare streets primarily are land service streets 
in residential areas. In such cases, the overriding consideration is to 
foster a safe and pleasing environrrent. Other streets are land se!"'Vice 
only in part, and features of traffic service may be predanL'1ant. 
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The selection of the type and exact design details of a particula::
roadway or highway requires considerable study and thought. When reference 
is made to guidelines and design details given by current MSHIO 
publications, these guidelines and standards should generally be 
considered as minimum criteria. For the design of recreational roads, 
local service roads and alleys, see AASH'IO publications. 

Right-of-way and pavarent width requirem:mts for new const.tuction may 
be reduced for the paving of certain existing unpaved subdivision streets 
and low volume rural roads provided all of the conditions listed below are 
satisfied. 

1. The road is functionally classified as a local road. 

2. The 20 year projected AIYI' is less than 750 vehicles per day a"1d 20 
year projected peak hourly volune is 100 vehicles -per hour or less. 

3. The road has no foreseeable probability of changing to a higher 
functional classification through changes in land use, extensions to serv 
new developing land areas, or any other use which would generate daily or 
hourly traffic volumes greater than those listed above. 

4. 'nlere is no reasonable p:::>ssibility of acquiring additional 
right-of-way without: 

a. Incurring expenditures of public funds in an anr::>Unt which woul · 
be excessive canpared to the public benefits achieved. 

b. Causing substantial damage or disruption to abutting property 
in"provenents to a degree that is unacceptable considering the local 
environrrent. 

B. Objectives 

'lb!! major objective. in gearetric design is to establish a. vehicle path 
and environment that provides a reasonable margin of safety for the rrotor
ist, bicyclist (and pedestrian) under the expected operating conditions and 
speed. The achievement of this objective may be realized by nee-ting 
certain specific objectives, which include the follc:Ming: 

1. Provide the siJaplest g~try attainable, consistent with the phys
ical constraints. 

2. Provide a design tliat has a reasonable and consistent margin of 
safety at the expected operating speed. 

3. Provide a design that is safe at night and under adverse WP.-ather 
conditions. 
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4. Provide a facility that is adequate for the exi:ected traffic condi
tions. 

5. Allow for reasonable deficiencies in t.~ driver, such as: 

a. Periodic inattention 

b. Reduced skill and judgrrent 

c. Slow reaction and response 

6. Provide a hazard-free environrcent that is "forgiving" to a vehich~ 
that has badly deviated fran the travel path or is out of control. 

C. Design Elarents 

1. Design Speed 

The design speed is defined as the maximum safe st:eed that ca'1 re 
maintained over a given section of highway when weather, light and traffic 
conditions are such that the design features of the highway govern. Th~ 
basic ptlqX)Se in using the design st:eed concept is to achieve consistency 
in the various design elenents that influence vehicle operations. Since 
many critical design features (e.g. sight distance and curvature) are pred
icated upon design speed, the selection of t.~e proper value is essential to 
allow for the safe design of a street or highway. 

The selection of an appropriate design speed is dependent up:m t..~2 
predicted driver behavior and is, therefore, rather carplex. This 
selection of design speed should receive considerable p~eliminary 
investigation and thought so that safety will be realized fran the design. 

The primary basis for selecting the design speed should be a 
rational prediction of the probable maximum operating st:eed (by approxi
mately 90 percent of the vehicles) on the street or highway. T!Le "average 
running speed" is not acceptable as a design speed. 

Reccmrended minimum values for design speed are given in Tabl·-! 
III-1 • These values should, however, be considered as general guidelines 
only. The maximum nonnal operating st:eed is dependent upon many variable-'~ 
including: the topography, the general roadway gearetry, the surrounding 
land use, the degree of access, t..1ie frequency of traffic signals or ot.."1e~~ 
traffic control devices, the posted st:eed limit and the degree of enforce
rcent. The driver does not necessarily adjust ~is st:eed to the classifica
tion or imµ:>rtance (or lack of) of the street or highway. 
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TABLE II I-1 

RECOMMENDED MINIMUM DESIGN SPEED, MPH 

llRRAN RURA;I 
TYP£ O:F ROADWAY *SPEED RESTRICTIONS *SP£t:D RESTRlCTlONS 

WITH WITHOUT WHti ,WITHOUT 

Freeway or Expressway so 60 7U 

Arterial (Major) 40 55 55 70 

Arte·ria 1 (Min.or) 35 50 55 70 

Collector(Major) 35 45 50 fr5 

Col lector(Minor) 30 40 40 ·60 

local** 20 30 30 50 

*Speed restrictions are features of the design which would effe.c
tive1y limit the operating speed, SY.ch as: 

a. A short length or roadway (e.g., a dead-end street). 

b. Closely spaced stop signs, traffic si·gnals or other contr1ol 
devices. 

c. Locations that would by nature of the s.u·rrounding development 
or land use, i·ndicate to the driver that lower speeds were 
necessary. 

**Design speeds lower than 30 mph may be used for loca 1, subdivi
sion type roads and streets. Streets wit·h a design speed less 
than 30 mph shall be poste<1 with appropriate legal speed limit . 
signs. 
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The design speed should not be less tJ1an the expected posted or 
legal speed limit. A design speed 5 to 10 rrph greater than the posted 
speed limit will ~nsate for a slight (and generally not enforceable) 
overrunning of the speed limit by many drivers. 

The use of the higher design speed (no s-r;eed restrictions) given in 
Table III-1 is recomrended for the follo.ving situations: 

1. Tqpography that would allow or encourage higher operating 
speeds. 

2. Roadway gearetry that pennits high speeds. 

3. !.Dng uninterrupted sections of roadway. 

The design speed utilized. should be consistent over a given section 
of highway. Required changes in design speed should be effected in a 
gradual fashion. When isolated reductions in design speed cannot reason
ably be avoided, appropriate speed signs should be posted. 

2. Design Vehicles 

A "design vehicle" is a selected nntor vehicle whose weight, dinensions 
and operating characteristics are used to establish highway design C'Ontrols 
to accamodate vehicles of a designated type. For the purpose of gearetric 
design, the design vehicle should be one with dilrensions and minimum 
turning radii larger than those of alm::>st all vehicles in its class. 
Design vehicles are listed in Table III-2. One or nnre of these vehicles 
should be used as a control in the selection of gearetric design elarents. 
In certain industrial (or other) areas, special service vehicles may have 
to be considered in the design. Fi.re equip;ent and arergency vehicles 
should have reasonable access to all areas. 

If a significant number or percentage (5 percent of all the total traf
fic) of vehicles of those classes larger than passenger vehicles are likely 
to use a particular street or highway, that class should be used as a 
design control. The design of major arterial streets and highways should 
nonnally be adequate to accarrrodate all design vehicles. The decision as 
to which of the design vehicles (or other special vehicles) should be used 
as a control is canplex and requires careful study. Each situation must be 
evaluated individually to arrive at a reasonable estimate of the type and 
volurre of expected traffic. 

Design criteria that are significantly affected by the type of 
vehicle include: horizontal and vertical clearances, alinarents, lane 
widening on curves , shoulder width -:~equirerrents , turning roadway .. -:.nd inter
section radii, intersection sight distance and acceleration criteria. 
Particular care should be taken in establishing the ~adii at intersections 
so that vehicles may enter the street or highway without encroaching upon 
adjacent travel lanes or leaving the paverrent. 

III - 5 



DESIGN VEHICLE 

TYPE SYMBOL 

Passenger 
Car p 

Single Unit 
Truck SU 

Single Unit 
Bus BUS 

Articulated 
Bus A ... sus 

Motor Home MH 

Car & Camper 
Trailer P/T 

Car & Boat 
Trailer P/B 

Semi-trailer 
Combination, 
Intermediate WB-40 

Semi -tra 11 er 
Combination, 
Large WB-50 

Semi-trailer 
Full trailer WB-60 
Combination 

TABLE III-2 

DESIGN VEHICLES 

DIMENSIONS IN FEET 

OVERHANG Overa 11 
WHEELBASE Front Rear Length 

11 3 5 19 

20 4 6 30 

25 7 8 40 

18+24 
=42 8.5 9.5 60 

20 4 6 30 

11+5+ 
18=34*' 3 10 49 

11+5+ 
15=31 *, 3 8 42 

13+27 
=40 4 6 50 

20+30 
=50 3 2 55 

9.7+20 
+9.4*+20. 9 2 3 65 

=60 

Overall 
Width Height 

7 4.25 

8.5 13.5 

8.5 13.5 

8.5 10.5 

8 -

8 ... 

8 -

8.5 13.5 

8.5 13.5 

8.5 13.5 

*Distance between rear wheels of front trailer and front wheels of rear 
trail er. 

**Distance between rear wheels of trailer and front wheels of car. 
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3. Sight Distance 

~ provision for adequate horizontal and vertical sight distance 
is an essential factor in the develoµnent of a safe street or highway. An 
unobstructed view of the upcaning roadway L:; necessary to allow tirre and 
space for the safe execution of passing, stopping, intersection noverrents 
and other normal and errergency 1raneuvers. It is also important to provid · 
as great a sight distance as possible to allow the &:"iver tirre to plan for 
future actions. The driver is continuously required to execute nonnal 
slowing, turning and acceleration maneuvers. If he can plan in advance for 
these actions, traf fie flON will be sm:JOt.her and less hazardous. Unex
pected errergency maneuvers will also be less hazardous if they are n~)t 

canbined with uncertainty regarding the requL~ nonnal maneuvers. Th: 
appropriate use of lighting (see Section VI IDAI:MAY LIGHI'ING) may be 
required to provide adequate sight distances for night driving. 

Future obstruction to sight distance that may develop (e.g., veg~
tation) or be constructed should be taken into consideration in the initial 
design. Areas outside of the highway right-of-way that are not under the 
highway agency'~> jurisdiction should be considered as points of 
obstruction. Planned future construction of m:rlian barriers, guardrails, 
grade separations or other structures should also be considered as possibl::; 
sight obstructions. 

a. Stopping Sight Di3tance 

Safe stopping sight distance shall be provided continuously on 
all streets and highways. The factors which determine the minimum distance 
required to stop include: the vehicle speed, the driver's total reaction 
tirre, the characteristics and oonditions of the vehicle, the friction 
capabilities between the tires and the roadway surface, and the vertical 
and horizontal alinerrent of the roadway. It is desirable that the driver 
be given sufficient sight distance to avoid an object or slow rroving vehi
cle with a natural, srcooth maneuver rather than an extrerre or panic reac
tion. 

The detennination of available stopping sight distance shall 
be based upon a height of the driver's eye equal to 3.50 feet and a height 
of obstruction to be avoided equal to 0 .50 feet. It would, of oourse, be 
desirable to use a height of obstruction equal to zero (coincident with the 
roadway surface) to provide t.-,_e driver with a rrore positive sigh:: 
condition. Where horizontal sight distance may be obstructed on curves, 
the driver's eye and the obstruction shall b.=! assured to be located at t.l-ie 
centerline of the travel lane on the inside of the curve. 

The stopping sight distance shall be no less than the values 
given in Table III-6. 
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b. Passing Sight Distance 

The passing maneuver, which requires occupation of t.l-ie opposing 
travel lane, is inherently dangerous. The driver is required to make 
simultaneous estinates of tine, distance, relative speeds and vehicl:-: 
capabilities. Errors in these estimates result in frequent and serious 
accidents. 

Highways with tYJO or rrore travel lanes in a given direction are 
not subject to require.m:mts for safe passing sight distance. Two-lane, 
tYJO-way highways should be provided with safe passing sight distance for as 
nuch of the highway as feasible. The driver danand for passing opportunity 
is high and serious limitations on the opportunity for passing :-educes ~'1: ~ 
capacity and safe characteristics of the highway. 

The distance traveled after the driver's final decision to pass 
(while encroaching into the opµ:>site travel pa.th) is that which is r,=~quired 
to pass and return to tJie original travel lane in front of the overtake:1 
vehicle. In addition to this distance, the safe passing sight distance 
nust include the distance traveled by an opposing vehicle during this ti:r~ 
period, as ~ll as, a reasonable margin of safety. Due to the many 
variations in vehicle characteristics and driver behavior,' tte passing 
sight distance should be as long as is practicable. 

The detennination of passing sight distance shall be based up::m 
a height of eye equal to 3.50 feet and a height of object equal to 4.25 
feet. Where horizontal sight distance nay be obstructed on curves, th ' 
driver's eye and object shall be asSUired to be located at the centerline of 
the travel lane on the inside of the curve. Where passing is permitted, 
the passing sight distance shall be no less than the values given in Table 
III-6 

c. Sight Distance at Decision Points 

It is desirable to provide sight distances exceeding the mini
mum at changes in ge<m=try, approaches to intersections, entrances and 
exits, and other potential decision p::>ints or hazards. The sight distance 
should be adequate to allow the driver sufficient tine to observe the 
upcc:rning situation, make the proper decision and take the appropriate 
action in a nonnal manner. 

Minimum stopping sight distance does not provide sufficient 
space or tine for the driver to make decisions regarding ccrnplex situations 
that require rrore than a simple perception-reaction process. L"1 many 
cases, rapid stopping or lane changing nay be extrerrel y undesirable and 
cause hazardous 1raneuvers (e.g., in heavy traffic conditions}; therefore, 
it would be preferable to provide sufficient sight distance to allow for a 
nore gradual reaction. 

The sight distance on a freeway preceding the approach nose of 
an exit ramp should exceed the minimum by 25 percent or rrore. A minimum 
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sight distance of 1000 feet, rreasured fran the drivers eye to the road 
surface is a desirable goal. There should be a clear view of the exit 
tenninal including the exit nose. 

d. Intersection Sight Distance 

Sight distances for intersection rrovetents are given in the 
general intersection requirerents. 

4. Horizontal Alinarent 

a. General Criteria 

1. The standard of alinerent selected for a parti·-ular section 
of highway should extend throughout the section with no sudden changes fran 
eaS'j to sharp curvature. Where sharper curvature is unavoidable, a 
sequence of curves of increasing degree should be utilized. 

2. Winding alinenent consisting of sharp curves is hazardous, 
reduces capacity and should be avoided. 

3. The use of the maximum degree of curvature permitted for a 
given design speed should be avoided wherever possible. The use of flatter 
curves is not only less hazardous but also frequently less costly due to 
the shortened roadway. 

4. Maximum curvature should not be used at the following loca-
tions: 

a) On high fills or elevated structures. The lack of 
surrounding objects reduces the driver's perception of the roadway aline
rnent. 

b) At or near a crest in grade. 

c) At or near the low point in a sag or grade. 

d) At the end of long tangents. 

e) At or near intersections or fX)ints of access or egress. 

f) At or near decision points. 

5. The "broken back" arrangerent of curves (short tangent 
between two curves in the sane direction) should be avoided. This arrange
rrent produces an unexpected and hazardous situation. 

6. When reversals in alineroent are used a sufficient length Jf 
tangent between the reverse curves is required for adequate superelevation 
transition. 
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7. Compound curves should be avoided, especially when curv~::> 
are sharp. They tend to produce erratic and dangerous vehicle operation. 
When catp:)\.llld curves are necessary t.l-ie radius of the flatter curve zhoul.-1 
not be nore than 50% greater than the sharper curve. 

8. The transition be~ tangents and curves should nonnally 
be aCCCJtl>lished by the use of appropriate straight line transitions or spi
rals. This is essential to assist the driver in maintaining his vehicle in 
the proper travel path. 

9. For small deflection angles, curves should be suitably 
lengthened to avoid the distracting appearance of a kink. CUrves should be 
at least 900 feet long for a central angle of 1 degree or 500 feet long f,r 
a central angle of 5 degrees. 

10. Gently flowing alinerrent is generally nore pleasing in 
appearance, as \+Jell as superior fran a safety standpoint. 

b. Superelevation 

In the design of highway curves it is necessary to establish a 
proper relationship between curvature of the roadway and design speed. The 
use of superelevation (rotation of the roadway about its axis) is anployed 
to counteract centrifugal force and allow drivers to confortably and safely 
travel through curves at the design speed. 

The superelevation rates for rural highways are shown on Figure 
III-1. These rates are based on a maximum superelevation rate of 0.10 foot 
per foot of roadway width. Additional superelevation details are given on 
Florida Department of Transportation Index drawings. 

The superelevation rates reccmrended for nrunicipal highways are 
shown on Figure III-2. 'I.bese rates are based on a maximum superelevation 
rate of .05 foot per foot of roadway width and are rea::mrended for majo_._
streets in built up areas. For urban freeways and high speed urban 
arterials in new locations, maximum superelevation rates fran .06 to .10 
foot per foot are recanrended (see MSH'ID "A Policy on Gearetric Design of 
Highways and Streets - 1984"). .Additional superelevation details fo:~ 
municipal highways are given on Florida Department of Transportation Index 
drawings. 

Altlnlgh superelevation is advantageous for traffic operations,. 
various factors often canbine to !rake its use impractical in many built-up 
areas. Such factors include wide pavement areas, need to neet grade of 
adjacent property, surface drainage considerations, and frequency of cross 
streets, alleys, and driveways. Tterefore, horizontal curves on 
lower-speed streets in subdivision and urban areas are usually designed 
without superelevation, only side friction being used to counteract the 
centrifugal force. Figure III-2 may be used for the determination of the 
maxirnmn safe speed for horizontal curves on lower-speed urba.'1 streets. 
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c. Curvature 

Where a directional change in alinenent is requi!'.'ed, every 
effort should be made to utilize the smallest degree (largest radius) CtL..---ve 
possible. The use of the naximum degree of curvature should be avoide-.i 
when I;X)Ssible. Design speed maximum degree of curve relationships are 
given in Table III-3. The use of sharper curvature for the design sp:_!e<ls 
shown in Table III-3 ~uld call for superelevation beyond the l~-nit 
considered practical or for operation with tire friction ~yond safe or 
canfortable limits or both. The naxirrn..nn degree of curvature is a signifi
cant value in alinement design. 

d. Superelevation Transition (Superelevation runoffs plus tangent 
runout) 

Superelevation runoff is the general term denoting t.~e lcngt.~ 
of highway needed to accanplish the change in cross slope fran a section 
with the adverse crown rercoved to the fully superelevated section, or vie;= 
versa. Tangent runout is the general term denoting the length of highway 
needed to accanplish the change in cross slope from a normal cross s~~ction 
to a se:..'tion with the adverse crown rerroved, or vice versa. 'Ihe use of 
spiral curves is encouraged to transition frcm the tangent to t11e curve. 
Where the spiral curve is en-ployed, its length is used to make the 
superelevation runoff. 

Florida Depart:Irent of Trans!;X)rtation Index drawings ':·hON in 
detail sui;erelevation transitions for various sections and ~thods for 
determining the length of transition. 

e. Lane Widening on Curves 

The travel lane should be widened on sharp curves due to the 
increased difficulty for the driver to follow the proper path. Trucks 
experience additional difficulty due to the fact that the ~ear wheels may 
track considerably inside the front wheels thus requiring additional width. 
Required lane widths for mainline and turning roadways are given in AASH'ro. 
("A Policy on Gearetric Design of Highways and Streets 1984"). A 
transition lengtJ1 shall be introduced in changing to an increased/ dedreased 
lane width. This transition length shall be pro!;X)rtional to the 
increase/decrease in pavement width in a ratio of not lsss than 50' of 
transition length for each foot of change in lane width. 
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TABLE Ill-3. 
HORIZONTAL CURVATURE 

MAXIMUM CURVATURE, DEGREES 

Rural (Based on max superelevation Urban (Based on max superelevation 
·of O. 10 ft. per ft.) of 0.05 ft. per ft.) 

Design Speed Max Degree Of Curve Design Speed Max Degree Of Curve 

30 24°45' (230 I Radius) 30 14° 
40 13°15' 35 10° 

50 8°15' 40 7°30' 

60 5°15' 45 50 

65 4°15' 50 50 

70 3°30' 
Rural Interstate 3 Deg. Max (2 Deg. Desirable Maximum) 

MINIMUM RADIUS, FEET 

Urban - Lower Speed Streets 

Min Radius With .05 ft. Min Radius Without 
Design Speed Per Ft. Superelevation Superelevation 

15 40 50 

20 75 95 

25 140 180 
30 225 300 

.LATERAL CLEARANCE FROM EDGE OF PAVEMENT TO OBSTRUCTION 
BASED ON LINE OF SIGHT ON CURVED ROADWAYS 

(REF: FIGURE III-2A} 

Design Speed, mph 30 4.0 50 60 .65 

MAXIMUM CURVATURE, DEGREES 24.75 13.25 8 .. 25 5.25 4.25 
REQUIRED LATERAL CLEARANCE ( M-7') , FEET 

For Lower Stopping S.D. 15 16 23 25 22 
For Upper Stopping S.D. 15 25 34 42 43 

~MAX. CURVATURE, DEGREES 12.38 6.62 4. 12 2.62 2. 12 

REQUIRED LATERAL CLEARANCE (M-7'), FEET 
For Lower Stopping S.D. 5 5 8 10 9 

For Upper Stopping S.D. 5 9 14 18 20 

II I - 14 

70 

3.5 

24 
49 

1. 75 

9 

22 



0 

I 
i 

Figure m- 2A 

RELATION BETWEEN DEGREE OF CURVE AND VALUE OF 
Ml ODLE ORDINATE NECESSARY TO PROVIDE STOPPING 
SIGHT DISTANCE ON HORIZONTAL CURVES UNDER OPEN 
ROAD CONDITIONS. 
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S. Vertical Alinem·=< ~t 

a. ~ie::-al C:dteria 

1. The selection of vertical alinerrent should be predicated to 
a large extent up..m the following criteria: 

a) Obtaining maximum sight distances. 

b) Limiting speed differences (particularly for trucks) by 
reducing magnitude and length of grades. 

2. A "hidden dip" which would not be apparent to the drive;: 
must be avoided. 

3. Steep grades and sharp crest vertical curves should be 
avoided at or near· intersections. 

4. Flat grades and long gentle vertical curves 3hould be used 
wherever possible. 

b. Grades 

The grades selected for vertical alinem:mt should be as flat as 
F;Ossible, and should not be greater than the value given in Table III-4. 

For streets and highways that require long upgrades, the rraxi
m:nn grade should be reduced so that the speed reduction of slow-noving 
vehicles (e.g. trucks) is not greater than 10 rrph. The criti\,;al lengths of 
grade for these speed reductions are shown in Figure III-3. Where 
reduction of grade is not practical, climbing lanes should be provided to 
neet these speed reduction limitations. 

The criteria for a climbing lane and the adjacent shoulder are 
the sarre as for any travel lane except that the climbing lane should be 
clearly designated by the appropriate pavatent markings. E:ltrance to and 
exit fran the climbing lane shall follow the sane criteria as other rcerging 
traffic lanes; however, the climbing lane should not be tenninated until 
'.Ell beyond the crest of the vertical cw:ve. Differences in superelevation 
should not be sufficient to produce a change in pave:cent cross slope 
between the climbing lane and through lane in excess of 0.04 feet per foot. 

Recx:rmended gutter grades: 
Polling terrain - 0.5% desirable 
Flat terrain - 0.3% desirable, 0.2% minimum 

c. Vertical Curves 

Changes in grade should be connected by a parabolic curve (the 
vertical offset being prop:>rtional to the square of the horizontal dis
tance). Vertical curves are required when the algebraic diffe:.:-ence of 
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intersecting grades exceeds the values given in Table III-5. The lengb11 of 
vertical curve on a crest, as governed by stopping sight distance is 
obtained from Figu!."'e III-4. The min.ircnJm length of a crest vertical curv:~ 
to obtain mininrum passing sight distance is given in Figure III-5. The 
minimum length of a sag vertical curve as governed by vehicle headligh"': 
capabilities is obtained fran Figure III-6. 

Wherever feasible curves longer than the minirm.IIn should be 
considered to irrprove both esthetic and safety characteristics. 

6. Alinan=nt Coordination 

Horizontal and vertical alinenent should not be designed indepen
dently. Poor canbinations can spoil the good points of a design. Properly 
coordinated horizontal and vertical ali.n.errent can improve appearance, 
enhance cornnunity values, increase safety and encourage llrifonn speed. 
Coordination of horizontal and vertical aline:rent should begin with prelim
inary design, during which stage adjustrrents can readily be made. 

Proper canbination of horizontal alinement and p~ofile ca~ be 
obtained by engineering study and consideration of the following gene~al 
controls. 

a. CUrvature and g-.cades should be in proper balance. Tangent 
alinan=nt or flat curvature with steep grades, and excessive curvature with 
flat grades are both ,EXX>r design. A logical design is a caupranise between 
the two conditions. Wherever feasible the roadway should "roll with" 
rather than "buck" the terrain. 

b. Vertical curvature superimposed on horizontal curvature, or 
vice versa, generally results in a m::>re pleasing facility, but it should be 
analyzed for effect on driver's view and operation. Changes in profile not 
in canbination with horizontal alinenent may result in a series of 
discoJUlected humps visible to the driver for sate distance. 

c. Sharp horizontal curvature should not be introduced at or near 
the top of a pronounced crest vertical curve. Drivers cannot perceive th:--~ 
horizontal change in alinenent especially at night. This condition can be 
avoided by setting the horizontal curve so that it leads the vertical curv~~ 
or by making the horizontal curve longer. SUi table designs can be made by 
using design values well al:x:>Ve the minimums. 

d. Sharp horizontal curvature should not be introduced at or nea.::
the low {X)int of a pronounced sag vertical curve to prevent an undesirabL! 
distorted appearance. Vehicle speeds often are high at the bottan of 
grades and erratic operation may result, especially at night. 

e. On divided highways, variation of the rredian width and the use 
of independent vertical and horizontal alinerrent should be considered. 
Where right~f-way is available, a superior design without significant 
additional cost can result from the use of independent alinenent. 
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CRITICAL LENGTH VERSUS UPGRADE 
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TABLE III-..t. 

RECO~L\IE~DED :\IAXBIL"\I GRADES I:\ PERCE:."rT 

FLAT TERR.-\L."I ROLLING TERRAL~ 

i::YPE OF DESIGN SPEED' .\ilPH DESIG~ SPEED' :\!PH 
ROADWAY 20 30 40 50 60 65 70 20 30 40 50 60 65 

Freeway 4 3 3 3 5 4 4 

.-.\rterial * .5 4 3 3 3 6 5 .+ 4 

Collector* "1 ., 6 5 4 9 8 
., 6 5 I I I 

Local* 8 ... 7 6 5 11 10 9 8 6 I 

Industrial ** 4 4 3 3 5 5 4 4 

* :Vlay be increased by 2 percent for urban streets under extreme conditions. 

** Local and collector streets with significant (15% or more) truck traffic. 

For short sections less than 500' and for one way downgrades. the maximum gradient may ht! 
1% steeper. 
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TABLE I II-5 

MAXIMUM CHANG£ IN GRADE 

(Without Using Vertical, Curve) 

DESIGN SPEED (V) MPH 20 30 40 50 

MAXIMUM CHANGE IN ,, 

GRAD£ lN :p£RCENT 1.20 1.00 .BO .60 

I I I - .2Q 

60 65 70 
; 

.40 .30 • 2.0 
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LENGTH OF CREST VE RT/CAL CURVE 

( Stopping Sight Distance ) 

500 1000 1500 2000 2500 

L =MINIMUM LENGTH OF VERTICAL CURVE IN FEET 

AS 2 
Lengths of vertical curves are computed from the formula L = 

1329 

A= Algebraic Difference Jn Grades In Percent 
S= Sight Distance 
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LENGTH OF CREST VERTICAL CURVE 
(Passing Sight Distance ) 
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L = MINIMUM LENGTH OF VERTICAL CURVE IN FEET 

The sight distance is computed from the following formulas: 

S<L, L= 3~~~ S>L,L=2S- 3 ~93 . 

A= Algebraic Difference In Grades, Percent 
S = Sight Di stance 
L =Length Of Vertical Curve 
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FIGURE IJI-6 

LENGTH OF SAG VERTICAL CURVE (Stopping Sight Distance J 
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L = MINIMUM LENGTH OF VERTICAL CURVE IN FEET 

HEADLIGHT SIGHT DISTANCE 
Lengths of vertical curves ore computed from the formula: 

L= 
AS 2 

400 + 3.5( s) 
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TABLE III-6 

STOPPING SIGHT DISTANCE AND K VALUES 

STOPPING SIGHT DISTANCE 
(Based on height of eye of 3.50 feet and height of 

object 6 inches above road surface) 

Design Speed, mph 20 30 40 ' 50 60 65 

275 400· 525 550 
Stopping Sight Distance 125 200 to to to to 

Feet 325 475 650 725 

70 

625 
to 

850 

The length of vertical curve must never be less than three tines 
the design speed of the highway. 

L = KA 
L = Length of vertical curve A = Alqebric differences of grades· in percent 

ROUNDED K VALUE FOR VERTICAL CURVES 

Design Speed, mph 20 30 35 40 45 50 55 60 65 

40 60 80 110 150 190 230 
K Va 1 ~e for Crest Verti ca 1 Curve 10 30 to to to to to to to 

K=S /1329 50 80 120 160 220 310 400 

60 70 90 100 120 130 
K Val~e for Sag Vertical Curve 20 40 50 to to to to to to 

K=S /400 + 3.5 (S) 70 90 110 130 160 180 

Values obtained from the charts or computed from the formal L=KA should be 
rounded upward when feasible. 

' . PASSING SIGHT DISTANCE 
(Measured from 3.50 feet height of eye to 4.25 feet 

height of object above the road surface) 

Design Speed, mph 20 30 40 50 60 65 70 
Minimum Passing 
Sight Distance, Ft. 800 1100 1500 1800 2100 2300 2500 

70 

290 
to 

540 

150 
to 

220 

l" 

The minimum length of vertical curve to be used on major highways should be as 
follows: 

Design Speed, mph 
Crest vertical curves 
Sag vertical curves 

50 60 70 

300' 400' 500' 
200' 300' 400' 

For aesthetic value on Interstate highways the 
preferable minimum lengths are 1000' for crest 
vertical curves and 800' for sag vertical curves. 
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f. Horizontal alinarent and profile should be made as flat as 
p::>ssible at interchanges and intersections where sight distance along both 
highways is important. _Sight distances al:x:Jve the minimum are desirable at 
these locations. 

g. Alinerrent should be designed to enhance scenic views for t.11,~ 

irotorists. 

h. In residential areas, the alinerrent should be designed to mini
mize nuisance to the neighborhood. 

7 • Cross Section Elarents 

The design of the highway cross section should be predicated upon 
the design speed, terrain, adjacent land use, classification and the type 
and volurre of traffic expected. The cross section selected should be uni
fonn throughout a given length of street or highway without frequent O:i:" 

abrupt changes. 

a. Number of Lanes 

The number of travel lanes is determined by several interrelat
ed factors such as capacity, level of service and service velum:?. (See 
MSH'IO "A Policy on Gearetric ~sign of Highways and Streets - 1984" and 
the current "Highway capacity Manual".) 

b. Pavt:m=nt 

The paved surface of all L..--avel lanes shall re designed and 
constructed in accordance with the requirarents set forth in Section V 
PAVEMENT DESIGN, CONSTRUCI'ION AND MAINI'ENANCE. 

1) Paverrent Width 

Traffic lanes should be 12 feet in width, but shall not be 
less than 10' in width. Streets and highways with significant truck traf
fic should have 12 feet wide traffic lanes. For mini.mum lane widths see 
Tables III-7 and III-8. If additional lane width is required for bicycles 
see FrxJI' Bicycle Facilities Planning and Design Manual, Revised F.dition 
1982. 

2) Pavarent Cross Slope (Not in Superelevation) 

The selection of pa.varent cross slope should be a canpro
mise betv.Jeen rreeting the drainage requirerrents and providing for sm:x:rth 
vehicle operation. The recamended pavercEnt cross slope is 0.02 feet per 
foot. The cross slope shall not be less than 0.015 f~t per foot or 
greater than .04 feet per foot. The change in cross slope between adjacent 
through travel lanes should not exceed 0.04 feet per foot. 
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c. Shoulders 

The primary functions of a shoulder are to provide errergency 
parking for disabled vehicles and an alternate path for vehicles during 
avoidance or other enErgency maneuvers. In order to fulfill these func
tions satisfactorily the s[x)ulder should have adequate stability and sur
face characteristics. The design and construction of shoulders shall be in 
accordance with the requirarents given in Section V PAVEMENT DESIGN, 
CONSTRUCTION AND MAINTENANCE. 

Sooulders should be provided on all streets and highways incor
porating open drainage. 'lbe absence of a contiguous emergency travel or 
storage lane is not only undesirable fran a safety standpoint but also is 
disadvantageous fran an operations viewpoint. Disabled vehicles that must 
stop in a through lane irrp:>se a severe safety hazard and produce a dramatic 
reduction in traffic flow. 

1) Shoulder Width 

Since the function of the shoulders is to provide an erer
gency storage or travel path, the width of all sooulders should, ideally, 
be at least 10 feet in width. Where econanic or practical constraints are 
severe it is permissible, but not desirable, to reduce the shoulder width. 
Outside shoulders shall be provided on all streets and highways with open 
drainage and should be at least 6 feet wide. Facilities with a heavy total 
traffic volurce or a significant volume of truck traffic should have outside 
shoulders at least 8 feet wide. The width of outside shoulders for 
two-lane, t!NO-way roadways should not be less than the values given in 
Table III-8. 

Median shoulders are desirable on all multilane divided 
streets and highways. For shoulder widths on mul tilane divided highways 
see Table III-9. 

2) Shoulder Cross Slope 

The shoulder serves as continuation of the drainage system, 
therefore, the sh:>ulder cross slope should be sanewhat greater than the 
adjacent travel lane. High quality shoulders should have a cross slope of 
approximately 0. 03 to . 06 feet per foot. The cross slope of shoulders 
shall not be less than 0. 03 feet per foot or greater than 0. 08 feet ~r 
foot. For local sul:xli vision type streets a maximum cross slope of .12 feet 
per foot may be used. 

Whenever possible shoulders shall be sloped crway fran th.> 
traffic lanes to aid in their drainage. The canbination of shoulder cross 
slope and texture should be sufficient to prarote rapid drainage and to 
avoid retention of surface water. The change in cross slope between a 
traffic lane and adjacent shoulder should not be greater than 0.07 feet per 
foot except on local subdivision streets where tbe change in cross slope 
should not exceed 0 .10 feet per foot. Shoulders on t~e outside of 
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superelevated curves should be rounded (vertical curve) to avoid an exces
sive break in cross slope and to divert a rx:>rtion of the drainage away frcm 
the adjacent travel lanes. 

d. Medians 

Median separation of opposing traffic lanes p=ovides a benefi
cial safety feature and should be used wherever feasible. Separation of 
the opposing traffic also reduces the problem of headlight glare, thu:; 
improving the safety and canfort for night driving. 

The use of rredians often aids in the provision of drainage fo:::· 
the roadway surface particularly for highways with six or rcore traffic 
lanes. The rredian also provides a vehicle refuge area, a logical location 
for left turn storage lanes and the reans for future addition of traffic 
lanes. In nany situations the rredian strip aids in roadway d~lineation and 
the overall highway esthetics. 

Median ~eparation i::l required on the following streets and 
highways: 

1) Freeways 

2) All streets and highways with 4 or rrore travel lanes and 
with a design speed greater than 45 mph. 

The nature and degree of rredian separation required is depen
dent UPJn the design speed, traffic volume, adjacent land use and the fre
quency of access. There are basically ~ approaches to rredian separation. 
The first is the use of horizontal separation of opp::>sing lanes to reduce 
the probability of vehicles crossing the rredian into oncaning traffic. Th: 
second rethod is to attanpt to limit crossovers by intrcx:lucing a PJSitive 
rredian barrier structure. 

The use of horizontal separation is preferable fran a safety 
viewpoint, if the width of m:rlian is adequate. In rural areas the use of 
wide rredians is not only esthetically pleasing but is often rrore econanical 
than barriers. In urban areas where space and/or econcmic constraints are 
severe t..l')e use of barriers is permitted to fulfill the requirerrents fo= 
redian separation. 

Medians should be free of abrupt changes in slope, discontinui~ 
ties, soft ground or other hazards which would prevent the driver fran 
retaining or regaining control of the vehicle. C.Onsideration should be 
given to increasing the width and decreasing the slope of medians on hori
zontal curves. The requirerents for a hazard-free median environment give:1 
in Section DJ ROADSIDE DESIGN shall be followed in the design and 
construction of rredians. 
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TABLE III-7 

MINIMUM LANE WIDTH 

Desirable Minimum Minimum 
Lane Width Lane Width 

Freewavs 12' 12' 
Maier Arterials 12' 11' 
Minor Arterials 12' 11' 
Collectors (Maior and Minor) 11' 11' 
Local Roads* 10' 10' 
Auxiliarv Lanes 12' 10' 

*Pavement widths may be reduced for the paving of certain existing 
unpaved subdivision streets and low volume rural roads. See Secion 
III-A for conditions. 
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DESIGN 
SPEED 

30 

:35 

40 

-1.5 

50 

55 

60 

65 

ALL 

TABLE III-8 

MINIMUM WIDTHS OF PA VEME~T AND SHOCLDERS 
FOR 

2-LANE RURAL HIGHWAYS 

AVERAGE DAILY TRAFFIC (2-W.-\ Y) 

< 250 250-400 -t.00-i50 750-1.600 

20' 20' ... ..,. -- 22' 

20' ::?O' 22' ')•)' 

20' 20' 22' 22' 

20' 20' 22' ')<) 1 

20' ~o· 22' 24' 

20' 22' •)')' 24' 

20' . ::!2' 2:!' 24· 

20' ·')•")~ 2-1.' 24' --
WIDTH OF :3HOL'LDER 

:Vlin. 
.\lin. b' :Vlin. b \lin.8' 

6' Desirable 8' Desirable 10' Desirable 10' 
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above 1.600 

24' 

::?4' I 
2~· 

2-t.' 

24' 

24' 

2-l' 

24· 

I 
I 

.\lin. 8' 
I Desirable lO 1 



TABLE II I-9 

SHOULDER WIDTHS FOR MULTILANE RURAL 
DIVIDED HIGHWAYS 

SHOULDER WIDTH 
Number of Lanes. 
Each Direction Outside Medi an 

Roadway Bridge Roadway 

12' desirable 8' desirable 
2 10' 

10' minimum 6' minimum 

12' desirable 12' desirable 
3 or more 10' 

10' minimum 10' minimum 
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Bridge 

6' 

10' 



1) Type of Median 

A wide, gently depressed rredian i3 the preferred design. 
This type allows a reasonable vehicle recovery area and aids in the drain
age of the adjacent shoulders and travel lanes. Where space and drainage 
limitations are severe, narrower rredians flush with the roadway are permit
ted. This type has the disadvantage of draining onto the :::-oadway. Raised 
rredians also have the sane drainage deficiencies. The use of raised or 
painted rredians is permissible. 

2) Median Width 

The neiian width is defined as the horizontal distance 
between the inside pavarent edges of the opp:>sing roadways. The selection 
of the iredian width for a given type of roadway is primarily dependent upon 
design speed and traf fie voll.llte. Since the probability of crossover 
accidents is decreased by increasing the separation, rredians should be as 
wide as is practicable. Median widths in excess of 30 to 35 feet reduce 
the problem of disabling headlight glare fran opposing traffic. 

The desirable and minimum pennitted widths of freeway rredi
ans are given in Table III-10. Where the P..xpected traffic volurre is heavr 
the widths should be increased over the mininrum values. ~an barriers 
may be used on urban freeways in lieu of horizontal separation if space 
limitation is a severe problem. 

The minimum pennitted rredian widths for multi-lane rural highway3 
are given in Table III-11. On urban streets the rredian widths shall not be 
less than the values given in Table III-11. Where ~an openings or 
access points are frequent the rredian width should be increased. 

The minimum rredian widths given in these tables may have to be 
increased to m=et the requireirents for cross slopes, drainage, and turning 
rcovarents (See 9 INTERSErr!ON DFSIGN) • The rredian area should also includ-:: 
adequate additional width to allow for expected additions of through lanes 
and left turn storage lanes. Where the m:rlian width is sufficient t:> 
produce essentially two separate, independent roadways the left side of 
each roadway shall rreet the requireroonts for roadside clear zones. Changes 
in the rrw:rlian width should be accanplished by gently flowing horizontal 
alinercent of one or both of the separate roadways. 

3) Median Slopes 

A vehicle should be able to transverse a median without 
turning over and with sufficient sm:x:>thness to alla.v the driver a reason
able chance to control his vehicle. The transition lJe~ the rredian 
slope and the shoulder (or pavement) slope shall be sm:x:>th, gently rounded 
and free fran discontinuities. 

III - 31 



The rredian cross slope should not be steeper than 6:1 
(preferably not steeper than 10:1). The depth of depressed rredians may be 

·controlled by drainage requi.rerrents. Increasing the width of the median, 
rather than increasing the cross slope, is the proper rrethod for develophlg 
the required rredian depth. 

I.Dngi tudinal slopes (median profile parallel to th~ 
roadway) should be shallow and gently rounded at intersections of grade. 
The longitudinal slope, relative to the roadway slope, shall not exceed a 
ratio of 10:1 and preferably 20:1. The change in longitudinal slope shall 
not exceed 8: 1 (change in grade of 12. 5 percent) • 

4) Median Barriers 

The primary objective for placing a barrier structure in 
the m!dian is to prevent vehicles fran entering the opposing traffic 
stream, either accidentally or intentionally. Median barriers may also be 
used to reduce the glare proouced by oncaning vehicle headlights. When 
selecting the type of barrier, care should be exercised to avoid headlight 
flicker through barriers. 

The use of nedian barriers to reduce horizontal separation 
is pennitted on facilities with substantially full control of access. 
Frequent openings in the barrier for intersections or crossovers expose the 
barrier end, which constitutes a severe hazard at locations with an 
inherently high accident potential. Median barriers may be considered fo::.· 
urban freeways and major arterials with controlled access. 

Median barriers should be considered on controlled access 
facilities if the rcedian width is less than the minimum permitted values 
given in Table III-10. The rredian barrier should not be placed closer tha..~ 
10 feet fran the inside pavarent edge. Further requiretents for rcedian 
barriers are given in Section rv ROADSIDE DESIGN. 

e. Roadside Clear Zone 

The roadside clear zone is that area outside the traveled way, 
available for use by errant vehicles. Vehicles frequently leave the 
traveled way during avoidance maneuvers, and due to loss of c.."Oiltrol by t.lie 
driver (falling asleep, etc.) or due to the collisions with other vehicles. 
The primary function of the clear zone is to allow space and ti.Ire for the 
driver to retain control of his vehicle and avoid or reduce the 
consequences of collision with roadside objects. This area also serves as 
an erergency refuge location for disabled vehicles. 
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TAB LE III-10 

MEDIA~ WIDTH FOR FREEWAYS 

(Urban or Rural) 

DESIGN SPEED MINIMUM PERMITTED 
\!IPH \IEDVu~ WIDTH. FEET 

60 AND OVER 60 ** 
C~DER 60 40* 

*Applicable for urban areas only. 

** For new construction. 
40 foot minimum allowed 
when lanes added to median 
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DESIR.IBLE :\'IINL\IU~l 
.\IEDL\..~ WIDTH. FEET 

100 

80 



TABLE III-11 

:VIEDIA~ WIDTH. FEET FOR RURAL HIGHWAYS 
(Multilane Facilities) 

Design Speed Ylinimum 
Desirable 
'.\linimum 

55 .MPH and Over .+O 50 

Under 55 \IPH 2::? .+O 

MEDIAN WIDTH, FEET FOR URBAN STREETS· 

Design Speed \.linimum 
Desirable 
:\'Iinimum 

55 MPH and Over ~5 -to 

45 • 50 :VIPH 19.5 30 

-'O and Less 15.5 2~ 

Paved medians with a minimum width of 10 feet may be used 
for two-way turn lanes and painted medians when desi~n speeds 
are 45 mph or less. 
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The design of the roadside must also provide for adequate 
drainage of the rOd.dway. Drainage swales with.in the clear zone should be 
gently rounded and free of discontinuities. Where large voltll'OOs of water 
must be carried, the approach should be to provide wide rather than deep 
drainage channels. Side slopes and drainage swales that lie within ~ 
clear zone shall be free of protruding drainage structures. 

In the design of the roadside, the designer should consider th=-.; 
consequences of a vehicle leaving the traveled way at any location. It 
should always be the p:>licy that t:Jle protection of vehicles and occupants 
shall take priority over the protection of roadside objects. Further 
criteria and requirenents for safe roadside design are given in Section IV 
OOADSIDE DESIGN. 

1) Roadside Clear Zone Width 

The width of the clear zone should be wide as is 
practicable. The rniniim.nn pennitted widths are given in Table III-12. 
These are minimum values only and should be increased wherever feasible. 

In rural areas it is desirable, and frequently econanically 
feasible, to substantially increase the width of the clear zone. Where 
traffic volurres and speeds are high, the width should be increased. The 
clear zone on the outside of horizontal curves should be increased due to 
the high probability of vehicles leaving the roadway at a high angle. 

2) Roadside Slopes 

The slopes of all roadsides should be as flat as i;ossibl~ 
to allow for a safe traversal by out-of-control vehicles. The transition 
between the shoulder and adjacent side slope should be rounded and free 
fran discontinuities. The adjacent side slope within the clear zone shall 
not be steeper than 3: 1. The side slopes should be reduced on the outside 
of horizontal curves. 

Where roadside ditches or cuts require back slopes, th~ 
steepness of the backslope should normally not (within the clear zone) 
exceed a ratio of 4: 1. Ditch bottans should be at least four feet wide and 
can be flat, or gently rounded. 

3) Criteria for Guardrail 

If space and econanic constraints are severe, it is pennis
sible, but not desirable, to use guardrails in lieu of the requirem:mts for 
width and slope of clear zone. Where the previously described requirenEnts 
for clear zone are not rret, guardrails (or other longitudinal barriers) 
should be used. Guardrails should also be considered for protection of 
pedestrian pathways or protection fran irmovable roadside hazards. 
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TABLE IIl-12 

MINIMUM WIDTH OF CLEAR ZONE 

. 

DESIGN SPEED.MPH 

25 60 
& 30 35 40 45 50 55 & 

Below Above 

MINIMUM CLEAR ZONE, FEET 

14 Artert'als 14 Arterials 18 Arterials 24 Arterials 
& Collectors & Collectors & Collectors & Collectors 

6 Local 6 Local JO Collectors ADT < 1500 AOT < 1500 AOT< 1500 ; AOT< 1500 
6 10 Collectors 10 Collectors 14 Arterials 30 Arterials 14 Arteriofs V4 Arterials 18 Arterials 18 Arterials 24 Artert'als 

& Collectors & Collectors & Collectors & Collectors 
ADT ~1500 AOT ~1500 AOT ~1500 ADT ~1500 

2t 4** 4** 4** 4** N/A•• N/A" N/A•• 

*From face of curb. 

*'*on ·projects where the 4 foot minimum offset cannot be reasondbly obtained 
.and other alternatives ore deemed impractical, the minimum may be reduced 
to 2fr feet. 

'e Use Rural for Urban facilities when no curb ·& gutter is present. 
'. ·~· 
••Curb and Gutter not to be used on facilities with Design Sp·eed>45mph~ 

Nofe: ADT in Table lll-12 refers to Design Year ADT. 
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The general policy to be followed is that guardrails 
should be used if impact with the guardrail is less likely or less severe 
than impact with roadside objects. Further requirerrents and design 
criteria for guardrails are given in Section DJ ROADSIDE DESIGN. 

f. Curbs 

Curbs may be used to provide drainage control and to improve 
delineation of the roadway. The two general classes of curbs are barrier 
curbs and xoountable curbs and each has nurrerous types. Both types of curbs 
may be designed with a gutter to fonn a canbination curb and gutter 
section. Barrier curbs are relatively high and steep faced, designed to 
discourage vehicles fran leaving the roadway. ~untable curbs are low with 
flat sloping surfaces designed so that vehicles can rcount them when 
required. 

Where curbs are used on facilities with speeds greater than 40 Y 

mph, they should be of the rrountable rather than the barrier type. The 
height of rrountable curbs shall not exceed 6 inches. Further design 
criteria and requirerrents for curbs are given in Section DI RJADSIDE 
DESIGN. 

g. Parking 

Parking on street rights of way should be avoided. 

h. Right-of-Way 

The acquisition of sufficient right-of-way is necessary in 
order to provide space for a safe street or highway. The width of the 
right-of-way required depends upon the design of the roadway, t.'1e arrange
rrent of bridges, underpasses and other stnlctures, and the need for cuts or 
fills. The right-of-way acquired should be sufficient to: 

a. Allow developnent of the full cross section including ade
quate nedians and roadside clear zones. 

b. Provide for the layout of safe intersections, interchanges 
and other access points. 

c. Allow for adequate sight distance at all points, partiC\l
lar l y on horizontal curves at an intersection and other access poL"lts. 

d. Provide, where appropriate additional buffer zones to 
irrprove roadside safety, noise attenuation and the overall esthetics of the 
street or highway. 

e. Provide adequate space for placerrent of necessary pedestri
an and bicycle facilities. 
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f. Allow for future lane additions, increases in cross section 
or other ~ovanents. Frontage roads should also be considered in the 
ultimate developnent of many high volurce facilities. 

g. Provide for construction of future grade separations o:;.
other intersection iroprovarents at selected crossroads. 

The acquisition of wide rights-of-way is costly, but it is 
necessary to alla-1 for the construction and future iroprovemmt of safe 
streets and. highways. The minimum right-of-way shall be at least 50' for 
all b.1o-lane roads. For pre-existing conditions when the existing right
af-way is less than 50' effort should be made to acxiuire the necessary 
right-of-way. 

!£Jcal cul-de-sac and dead-end streets having an ADT of less 
than 250 and a length of 600 feet or less may utilize a right-of-way of 
less than 50 feet if all elarents of ~ typical section neets the stan
dards included in this manual. 

The right-of-way for frontage roads may be reduced depend
ing on the typical section requirerents and the ability to share right-of
way with the adjacent highway facility. 

i. Changes in Typical Section 

1) General Criteria 

Changes in cross section should be avoided. When changes 
in widths, slopes or other elerents are necessary they should be affected 
in a smooth, gradual fashion. 

2) Lane Deletions and J\.dditions 

a) The addition or deletion of traffic lanes should be 
undertaken on tangent sections of roadways. 

b) The approach to lane deletions and additions should 
have cmple advance warning and sight distance. 

3) The tennination of lanes (including auxiliary lanes) shall 
meet the general requireoonts for merging lanes. 

4) Where multiple lanes are intennittently provided on two-
lane, two-way highways, rredian separation should be provided. Advance 
warning in the form of multiple signs or pavement markings should be 
provided. 

5) Structures 

The pavarent, median and shoulder width should be carried 
across structures such as bridges and box culverts. Shoulder widths for 
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multilane rural divided highway bridges may be reduced as shCMn in Tabl2 
III-9. The designer should evaluate the econanic practicality of utilizing 
dual vs. single bridges for roadway .3ections inco~rating wide iredians. 

The minimum clear roadway width for bridges on urban 
streets with curb and gutter shall be the sane as the curb-to-curb width of 
the approach roadway. Sidewalks on the approaches should be carried across 
all structures. Curbed sidewalks should not be used adjacent to traffi·~ 
lanes when design speeds exceed 45 mph. When the bridge rail (barrier 
wall) is placed between the traffic and sidewalk it should be offset a 
minimum distance of 2)' fran the edge of the travel lane, wide curb lane or 
bicycle lane. For long (500' or greater) and/or high level bridges it is 
desirable to provide an offset distance that will accamodate a disabled 
vehicle. The transition fran the bridge to the adjacent roadway section 
may be made by dropping the curb at the first intersection or well in 
advance of the traf fie barrier, or reducing the curb fa front of th~ 
barrier to a low rrountable curb with a gently sloped traffic face. 

a) Horizontal Clearance 

Supi:orts for bridges, barriers or other structures 
should be placed at or beyond the required shoulder. Where i:ossible, these 
structures should be located outside of the required roadside clear zone. 

b) Vertical Clearance 

Vertical clearances should be adequate for the type of 
expected traffic. Freeways and major arterials shall have a vertical 
clearance of at least 16 feet. Other streets and highways should have a 
clearance of 16 feet unless the provision of a reduced clearance is fully 
justified by a specific analysis of the situation. Provision for addition
al clearance ( 3 to 6 inches) is reccmrended to allow for future resurfac
ing. 

c) End Treabrent 

The termini of guardrails, bridge railings and abut
rrents and other structures should be constructed so as to protect vehicles 
and their occupants fran serious impact. Requirercents for end treat:ent of 
structures are given in Section DI ROADSIDE DESIGN. 

8. Access Control 

All new facilities (and existing if i:ossible) should have sore 
degree of access control since each point of access produces a traf fie 
conflict, thereby substantially increasing the accident i:otential. Th·· 
control of access is one of the rrost effective, efficient, and econanical 
irethods for improving the capacity and safety characteristics of street; 
and highways. The reduction of the frequency of access points and the 
restriction of turning and crossing rraneuvers, which should be primary 
objectives, is accanplished rrore effectively by the design of the roadway 
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gearetry tnan by the use of traffic control devices. ~sign criteria fo:::· 
access points are presented under the general requirercents for intersection 
design. 

a. Justification 

The justification for control of access should be based upon 
several factors including safety, capacity, econanics, and esthetics. 

b. General Criteria 

1) I.Dcation of Access Points 

a) All access locations should have adequate sight dis
tance available for the safe execution of entrance, exit, and crossing 
maneuvers. 

b) Locations of access near structures, decision points or 
the tennination of highway lighting should be avoided. 

c) Driveways should not be placed near intersections or 
other points that "WOUld tend to produce traffic conflict. 

2) Spacing of Access Points 

a) The spacing of access points should be adequate to 
prevent conflict or mutual interference of traffic flow. 

b) Separation of entrance and exit ramps should be suffi
cient to provide adequate distance for required weaving rraneuvers. 

c) Adequate spacing between access and decision points is 
necessary to avoid burdening the driver with the need for rapid decisions 
or maneuvers. 

d) Frequent zredian openings should be avoided. 

e) The use of a frontage road or other auxiliary path is 
reccmnended on minor arterials and higher classifications where the need 
for direct driveway or minor road access is frequent. 

3) Restrictions of Maneuvers 

a) Where feasible, the number and type of pennitted maneu
vers (crossing, turning, slowing, etc.) should be restricted. 

b) The restriction of crossing maneuvers may be accan
plished by the use of grade separations, and continuous iredians. 

c) The restrictions of left turns is achieved ::ost effec
tively by continuous m2dians. 

d) Channelization should be considered for the purposes of 
guiding traffic flat-r and reducing vehicle conflicts. 
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4) Tum Lanes 

a) Deceleration lanes for right turn (and left turn where 
pe!:onitted) exits should be provided on all high speed facilities. 

b) Storage (or deceleration lanes) to protect turning 
vehicles should be provided, pa.rticula:cly where turning volurres are signif
icant. 

c) Acceleration lanes are desirable for entrance maneuvers 
onto high-speed streets and highways. 

d) Special consideration should be given to the provisions 
for deceleration, acceleration, and storage lanes in camercial or 
industrial areas with significant truck t...."O.ffic. 

5) Grade Separation 

a) Grade separation intersections should be considered fo~ 
junctions of major arterial streets and highways. 

b) Grade separation {or an interchange) should be utilize~ 
when the expected traffic volume exceeds the intersection capacity. 

c) Grade separation should be considered to eliminate 
conflict or long waiting periods at p::>tentially hazardous intersections. 

c. Control for All Limited Access Highways 

Entrances and exits on the right side only are highly desirable 
for all limited access highways. Acceleration and deceleration lanes are 
mandatory. Intersections shall be accanplished by grade separation 
(interchange) and should be restricted to connect with arterials or collec
tor roads. 

The control of access on freeways should confonn to the 
requiremmts given in Table III-13. The spacing of exits and entrances 
should be increased wherever p::>ssible to reduce conflicts. Safety and 
capacity characteristics are improved by restricting the number and 
increasing the spacing of access p::>ints. · 

d. Control of Urban Streets 

The design and construction of urban, as well as rural, high
ways should be governed by the general criteria for access control previ
ously outlined. In addition, the design of urban streets should be in 
accordance with the criteria listed below: 

1) The general 
follow a branching network, 
pattern. 

layout of local and collector streets should 
rather than a highly interconnected grid 
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TABLE III-13 

ACCESS CONTROL FOR ALL LIMITED ACCESS HIGHWAYS 

MINIJ.'IUM SPACING 

Interchanges 

~1ANEUVER RESTRICTIONS 

Crossing '.'vlaneuvers 

Exit and Entrance 

Tum Lanes Required 
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V1A Grade Separation Only 

From Right Side Only 

Acceleration Lane at aH En trances 
Deceleration Lme at all Exits 



2) T-intersections in branching ne~rks are recarirended, 
particularly for local and oollector streets. 

3) The street netwurk should be designed to reduce, oonsistent 
with origin/destination requirarents, the number of crossing and left turn 
maneuvers. 

4) Where practical, one-way street patterns should be 
considered. 

5) The design of the street layout should be predicated upon 
reducing the need for traffic signals. 

6) U-turns should be discouraged. 

7) 'Ihe use of a public street or highway as an integral part 
of the internal circulation pattern for ccmnercial property should be 
discouraged. 

8) The number of driveway access p::>ints should be restricted 
as Illlch as possible through areas of strip develoµyent. 

9) Special consideration should be given to providing turn 
lanes (auxiliary lane for turning maneuver) where the total volurce or truck 
volume is high. 

10) Major traffic generators may be exempted fran the restric
tions on driveway access if the access tx>int is designed as a nonnal :inter
section adequate to handle the expected traffic voltme. 

These are minimum requirercents only, and it is generally desir
able to use rrore stringent criteria for control of access. 

e. Control for Rural Highways 

The design of rural highways soould be in accordance with t..'1-ie 
general criteria for access control for tL..---ban streets. The use of acceler
ation and deceleration lanes on all high-speed highways (particularly if 
truck traffic is significant) is strongly reccmnended. 

f. Land Develoµrent 

It should be the policy of each agency with re5F0nsibility fo'~ 
highway design, construction or maintenance to praoote close liaison wit.."1 
lawmaking, zoning, building and planning agencies. Cooperation should be 
solicited in the fonnulation of laws, regulations and master plans for land 
use, zoning and highway construction. Further requirenents and criteria 
for access control and land use relationships are given in Section II IAND 
DmE!DEMENT. 
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9. Intersection Design 

Intersections increase traffic conflicts and the danands up::>n th-' 
driver, and are inherently hazardous locations. The design of an intersec
tion should be predicated UFOn reducing 1ootor vehicle, bicycle and pedes
trian conflicts, mini.Iaizing the confusion and demands upon the driver for 
rapid and/ or canplex decisions and providing for sm::x:>th traffic flON. Th·., 
location and spacing of intersections should follow the requirarents pre
sented. in 8. Access Control. 

The additional effort and expense required to provide a high.
quality intersection is justified by the correSEX'flding safety benefits. 
The overall reduction in accident potential derived fran a given expendi
ture for intersection improvatents is generally nuch greater than the sane 
expenditure for iroprovanents along an open roadway. Poor intersections 
also reduce the traffic capacity, thereby limiting the overall capacity and 
econanic value of the street or highway. 

The requi.rerrents and design criteria contained in this section are 
applicable to all driveways, intersections, and interchanges. All entranc
es to, exits fran, or interconnections between streets and highways are 
subject to these design standards. 

a. General Criteria 

The layout of a given intersection may be influenced by con
straints unique to that particular location or situation. The design 
shall, however, cxmfonn to sound principles and criteria for safe intersec
tions. The general criteria include the following: 

1) The layout of the intersection should be as silrple as is 
practicable. Canplex intersections which tend to confuse and distract the 
driver produce inefficient and hazardous operation. 

2) '!he intersection arranganent should not require the driver 
to make rapid and/or canplex decisions. The provision of spacious or open 
intersection or interchange generally increases the distance between suc
cessive decision points. 

3) The layout of the intersection should be clear and under
standable so that a proliferation of signs, signals or markings is not 
required to adequately infonn and direct the driver. 

4) The design of intersections, particularly along a given 
street or highway, should be as consistent as possible. 

5) The approach roadways should be free fran steep grades or 
sharp horizontal or vertical curves. 

6) Intersections with driveways or other roadways should be as 
close to right angle as p::>ssible. 
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7) Adequate sight distance should be provided to present the 
driver a clear view of the intersection and to allow for safe execution of 
crossing and turning maneuvers. 

8) The design of all intersection elements should be consis
tent with the design speeds of the approach roadways. 

9) The intersection layout and channelization should encourage 
srrooth flow and discourage wrong-way rrovements. 

10) Special attention should be directed toward the provision 
of safe roadside clear zones. 

11) The provision of special turn lanes should be in confor
mance with the criteria set forth in 8. Access Control. 

12) The requirerrents for bicycle and pedestrian rrovements 
should receive special consideration. 

b. Sight Distance 

Inadequate sight distance is a contributing factor in the cause 
of a large percentage of intersection accidents. '!he provision of adequate 
sight distance at intersections is, therefore, absolutely essential and 
should receive a high priority in the design process. 

1) General Criteria 

General criteria to be followed in the provision of sight 
distance include the following: 

a) Sight distance exceeding the mim.mum stopping sight 
distance should be provided on the approach to all intersections (entranc
es, exits, stop signs, traffic signals and intersecting roadways). The use 
of proper approach gearetry free fran sharp horizontal and vertical 
curvature will normally allow for adequate sight distance. 

b) The approaches to exits or intersections (including 
turn, storage and deceleration lanes) should have adequate sight distance 
to allow for safe speed and lane change maneuver. 

c) .Adequate sight distance should be provided on the 
through roadway approach to entrances (fran acceleration or rrerge lanes, 
stop or yield signs, driveways or traffic signals) to provide capabilities 
for defensive driving. This lateral sight distance should include as rcuch 
length of the entering lane or intersecting roadway as is feasible. A 
clear view of entering vehicles is necessary to allow through traffic to 
aid :rcerging maneuvers and to avoid vehicles which have "run" or appear to 
have the intention of running stop signs or traffic signals. 
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d) Approaches to school or pedestrian crosswalks should 
have sight distance exceeding the minimum values. This should also include 
a clear view of the adjacent pedestrian pathways. 

e) Sight distance in ooth directions should be provided for 
all entering roadways (driveways, rrerge lanes and intersecting roadways) to 
allow entering vehicles to avoid through traffic. 

f) Safe stopping sight distances shall be provided 
throughout all intersections, including tw:n lanes, speed change lanes and 
turning roadways. 

g). Where particular problems of hazards are encountered, 
the use of lighting (see Section VI roAI:'MAY LIGEmNG) should be considered 
to inprove intersection sight distance for night driving. 

2) Obstructions to Sight Distance 

The provisions for sight distance are limited by the high
way geatetry and the nature and develoµrent of the area adjacent to the 
roadway. Where line-of-sight is limited by vertical curvature or obstruc
tions, stopping sight distance shall be based upon an eye height of 3.50 
feet and an object height of 0.50 feet. At exits or other locations where 
the driver may be uncertain as to the roadway alinarent, a clear view of 
the pa-vtmmt surface should be provided. At locations requiring a clear 
vieN of other vehicles or pedestrians for the safe execution of crossing or 
entrance maneuvers, the sight distance should be based upon a driver's eye 
height of 3.50 feet and an object height of 3.00 feet (and preferably 1.50 
feet). The height of eye for truck traffic may be increased for 
detennination of line-of-sight obstructions for intersection maneuvers. 
Obstructions to sight distance at intersections include the following: 

a) Any property that is not under the highway agency's 
jurisdiction through direct ownership or other regulations shall be consid
ered as an.area of total sight distance obstruction. 

b) Areas which contain vegetation (trees, shrubbery., 
grass, etc.) that cannot easily be trirmed or renoved by regular mainte
nance activity should be considered as sight obstructions. 

c) Parking lanes shall be considered as obstructions to 
line-of-sight. Parking shall be prohibited within clear areas required for 
sight distance at intersections. 

d) Large (or nunerous) poles or support structures fo:.-
lighting, signs, signals or other purposes may constitute sight obstruc
tions. 'nle adverse effect ui;x>n sight distance created by poles and sign~; 
near in;tersections should be carefully investigated. 

In order to ensure the provision for adequate intersec
tion sight distance on-site inspections should be conducted before and 
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after construction, including placarent of signs, lighting, guardrails or 
other obstructions to intersection sight distance. 

3) Stopping Sight Distance 

The provision for safe stopping sight distance at intersec
tions and on turning roadways is even IrOre critical than on open roadways. 
Vehicles are rrore likely to 'be traveling in excess of the design or posted 
speed and drivers are frequently distracted fran maintaining a continuous 
view of the upcaning roadway. 

a) Approach to Stops 

The approach to stop signs, yield signs or traffi
signals should be provided with a sight distance no less than values given 
in Table III-14. These values are applicable for any street, ltl.ghway c)r 
turning roadway. The driver should, at this required distance, have a 
clear view of t'1e intersecting roadway as well as the sign or traffi ~ 
signal. 

Where the approach roadway ifi on a grade or vertical 
cw:ve, the signt distance should be no less than the values shown in Figure 
III-7. In any situation where it is feasible, sight distances exceeding 
those should be provided. This is desirable to allow for rrore gradual 
stopping maneuvers and to reduce the likelihood of vehicles running through 
the stop signs or signals. Advance warning for stop signs is desirable. 

b) On Turning Roadways 

The required stopping sight distance at any location on 
a turning roadway (loop, exit, etc.) shall be based up:>n the design speed 
at that point. Ample sight distance should be provided since t."le driver is 
burdened with negotiating a curve travel path and the available friction 
factor for stopping has been reduced by the roadway curvature. Whereve:
feasible the sight distances given in Table III-14 or Figure III-7 should 
be provided. The available sight distance shall, however, be no less than 
the minimum values obtained fran the latest µililication of AASHO. Due to 
the inability of vehicle headlights to adequately illuminate a sharply 
curved travel path, roadway lighting should be considered for turning 
roadways. 

4) Sight Distance for Intersection Maneuvers 
Intersections) 

a) Crossing Maneuver 

(Non-Signalized 

The sight distance required for the safe execution of a 
crossing maneuver is dependent upon the acceleration capabilities of the 
vehicle, the crossing distance and ~ design speed of the street or high
'Wa.Y to be crossed. The minimum required sight distance in both directions 
(IIEasured from the entering roadway centerline) for various classes of 
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vehicles is given in Figures III-8, III-9 and III-10. This rnininn.:lm sight 
distance should be provided for a given vehicle class if it constitutes 
5 percent or m::>re of the total crossing traffic or if that class 
experiences 30 or irore crossings per day. 

The crossing distance (W) shown in Figure III-11 shall 
include the total width of roaiMay to be crossed plus the initial offset of 
the vehicle fran the pavarent edge, plus the vehicle length. The roadway 
width shall include the roodian as well as all through travel lanes. The 
initial {X>Sition of the vehicle shall be assuoc.>d to be at lt~st 10 feet 
fran the nearest travel lane. Where the rredian width is at least 5 feet 
wider than the design vehicle length (see Table III-2) the crossing may be 
assumed to take place in two separate maneuvers. 

On nedian separated roadways sight distance to the left 
may be based upon the distance (W) required to clear the first set of 
travel lanes. 

The setback (see Figure III-11) required for sigh~ 
distance shall be at least 5 feet greater than the vehicle offset. All 
obstructions to the required sight distance shall be renoved within the 
area sham in Figure III-11. At intersections with traffic signals it is 
desirable to provide this saxre sight distance capability. 

'l'he minimum sight distances obtained fran Figures 
III-8, III-9, and III-10 should be used only for level conditions. Th=~ 
tine required to cross the major highway is materially affected by the 
grade of the crossing. Normally the grade across an intersection is so 
snall that it need not be considered, but when curvature of the major road 
requires the use of superelevation, the grade across it may lY- significant. 
In this case the sight distance along the major road should be greater. 
Figure III-12 should be used to obtain the minimum sight distance fo:~ 
crossing when grade is considered. 

b) Left Turn Crossings 

Sight distance for left turn crossings shall be no less 
than the values given in Figures III-8, III-9 and III-10. This clear view 
shall include the cross section of the opposing traffic lanes which th<'.) 
vehicle must cross in executing the left turn. 'lbe crossing distance (W) 
shall include the pavarent width of the opposing through lanes, plus th .. .! 
vehicle offset plus the length of the crossing vehicle. Th.is required 
sight distance should be provided at intersections with traffic signals as 
well as for exits to stop-controlled roadways. 
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TABLE III-14 

SIGHT DISTANCE FOR APPROACH TO STOPS 

(rounded values) 

DESIGN SPEED (MPH) 20 30 40 50 60 65 70 

STOPPING SIGHT DISTANCE (FEET) 

Minimum 125 200 275 400 525 550 625 
Desirable 200 250 325 475 650 725 850 
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Figure III- 7 

SIGHT DISTANCES FOR APPROACH TO STOP ON GRADES 
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SIGHT DISTANCE FOR CROSSING MA~EUVER 

(Affect of grade not included) 
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FIGURE III-9 

SIGHT DISTA~CE FOR CROSSING .\IANEUVER 

(Affect of grade not included) 
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SIGHT DISTANCE FOR CROSSING MANEUVER 
(Affect of Grade Not Included J 
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FIGURE III-12 

SIGHT DISTANCE AT INTERSECTIONS 
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For WB-40 design vehicles, u::;e WB-50 curve. 
For Bu15 design vehicles, use SU 
The sight distance required to allow the design vehicle to cross the intersection is computed 

from the following formula: 
d = 1.4 7 V (J + ta) 
d =minimum sight distance along the major highway (ft.) 
V =design speed of major highway ()IPH) 
J =driver reaction time (Assumed as 2 sec.) 
ta= Ylan~uver time determined from the graph. 

Design Adjustment factor for ta, based on crossing grade rate 

Vehicle 
-1.% -2% 0% •:2% 

0.7 0.9 1 1.1 

+4% 

1.3 

SU & Bus 0.8 0.9 1 1.1 1.3 

WB - 50 0.8 0.9 l 1.2 1. 7 

The value of ta obtained from the graph. adjusted by the above ratio can be u::;ed in the 
formula d= l...J:.7V (J •ta), to determine the proper 5ight distance for the crossing grade condition. 

I II - 55 · 



TABLE Ul-15 

LENGTH OF TAPER FOR USE IN CONJUNCTI:iON 
WITH FULL WlDTH SPEED-CHANGE LANES 

Design Speed, MPH 30 40 50 60 65 

Length of Taper , Feet * 150 190 230' 270 290 

70 

300 

* For urban street auxiliary lanes shorte,,r tapers 
may be used due to 1 ower operating speeds. Refer 
to AASHTO Po 1 icy o.n Geome t ri c Desi gn ·Of 'Hi ·ghways 
and Streets for a 1 lowa.b le taper -rates . 
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c) Auxiliary Lanes 

Auxiliary lanes are desirable for the safe ·~ecution of 
speed change maneuvers (acceleration and deceleration) and for the storage 
and protection of turning vehicles. Auxiliary lanes for exit or entrance 
turning maneuvers shall be provided in accordance with the requirements set 
forth in 8. .Access Control. The pavarent width and cross slopes of 
auxiliary lanes should neet the minimum requiranents for all travel lanes. 
Stoulders and clear zones should be provided in accordance with t."E sane 
requiranents for other travel lanes. 

1) Merging Maneuvers 

Lane change or nerging maneuvers occur at the ter
mination of climbing lanes, lane drops and entrance acceleration or turning 
lanes. The location pi.--ovided for this rrerging maneuver should, whe:::-e 
p::>ssible, be on a tangent section of the roadway and should be of suffi
cient length to allow for a sm:x:>th, safe transition. The p:-...-ovision of 
arrple distance for rrerging is essential to allow the driver tirre to find an 
acceptable gap in the through traffic and then execute a safe rrerging 
maneuver. !t is recarrcended that a rrerging taper be on a 50:1 transition 
but in no case shall the length be less than that set forth in Table 
III-15. The tennination of this lane (including the pa.venent) should be 
clearly visible fran both the merging and through lane and should corre
sp::>nd to the general configuration slxJwn in Figure III-13. Advance warning 
of the rrerging lane termination should be provided. Lane drops shall be 
marked to provide a safe rcerging maneuver. 

2) Acceleration Lanes 

Acceleration lanes are required for all entrances 
to freeways. Acceleration lanes are recamended for entrances to all 
·high-speed (design speed greater than 50 nph) facilities and locations with 
heavy traffic voll.llres. Fmy street or highway with a large percentage of 
truck traffic should be considered for acceleration lane entrances. 

'lbe distance required for an acceleration maneuver is 
dependent upon the vehicle acceleration capabilities, the grade, the ini
tial entrance speed and the final speed at the tennination of the maneuver. 
The distances required for acceleration on level roadways for passenger 
cars are given in Table III-16. Where acceleration occurs on a grade the 
required distance is obtained by using Tables III-16 and III-17. 
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The final speed at the end of the acceleration lane should, 
desirably, be asSUired as the design speed of the through roadway. 'Ihe 
length of acceleration lane provided should be at least as long as the 
distance required for acceleration between the initial and final speeds. 
Due to the uncertainties regarding vehicle capabilities and driver behavior 
additional length is desirable. The acceleration lane should be followed 
by a irerging taper (similar to Figure III-13) not less than t.'"tat length cet 
forth in Table III-15. The termination of acceleration lanes soould 
confonn to the general configuration shaNn for irerging lanes in Figures 
III-13. Recamended acceleration lanes for freeways are given on page III 
- 69. 

3) Exit Lanes 

Auxiliary lanes for exiting maneuvers provide space outsidF! 
of the through lanes for vehicle deceleration for the protection and 
storage of turning vehicles. 

a) Deceleration Lanes 

The primary function of deceleration lanes is to pro
vide a safe travel path for vehicles decelerating fran the operating speed 
on the through lanes. Deceleration lanes are required for all f~eeway 
exits and are desirable on all high-speed (design speed greater than 50 
mph) streets and highways. 

The distance required for deceleration of passenger 
cars is given in Table III-16. 

The required distance for deceleration on grades is 
obtained fran Tables III-16 and III-17. 

The length of deceleration lanes shall be no less than 
the values obtained fran Tables III-16 and III-17 and should be increased 
wherever feasible. The initial speed should, desirably, be taken as the 
design speed of the highway. The final speed should be the design speed at 
the exit (e.g. a turning roadway) or zero if the deceleration lane ter
minates at a stop or traffic signal. A reduction in the final speed to be 
used is particularly important if the exit traffic volurce is high, since 
the speed of these vehicles ma.y be significantly reduced. 

The entrance to deceleration (and climbing) lanes 
should confonn to the general configuration sl'xJwn in Figure III-14. 'lbe 
initial length of straight taper, as shown in Table III-16 may be utilized 
as a portion of the total required deceleration distance. 'lbe pavarent 
surface of the deceleration lane should be clearly visible to approaching 
traffic so that drivers are aware of the rnaneuvers required. Recamended 
deceleration lanes for freeways are given on page III - 68. 
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Design speed of 
tumini roadway 
curve, mph 

Minimum curve 
radius. feet 

Design Length 
speed. of of 
highway taper, 
mph feet * 

40 190 
50 ~30 

60 270 
65 290 . 
70 300 

Desip Length 
speed of of 
highway taper, 
mph feet 

40 190 
50 230 
60 2:0 
70 300 

TABLE III-16 

DESIG~ LENGTHS OF SPEED CH~'1GE L.-\NES 
F1at Grades - 2 Percent or Less 

Stop 
con- 15 :W 25 30 35 

dition 

50 90 150 230 :no 

40 -t.5 

430 550 

Total length of DECELERATION LA.i.'lE, includin~ taper, feet: 
. .\11 main highways 

325 300 ')~-

- • :> 250 200 -- -- --
-t.25 400 375 350 325 .. ...,~- --·~ 
500 500 -t.75 450 -I.25 .+()() 325 300 
550 550· 525 500 475 450 375 325 
600 575 550 550 525 500 -!.25 .:t.00 

Total length of ACCELERATION L~'lE. including taper, 
feet: 

- 325 250 2!!5 - - - -
- 700 625 600 500 -t.00 -- --· 
- 1125 1075 1000 900 800 600 -t.00 
- 1550 1500 l-!.00 1325 1::?25 1000 825 

50 

690 

-
--
-
350 

-
-
--
575 

* For urban street auxiliary 1 anes shorter tapers may be used due to lower 
ope,rating speeds. Refer to AASHTO Policy on Geometrtc Design, of Highways 
and Streets for allowable taper rates. 
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Design 

TABLE III-17 

RATIO OF LE~GTH OF SPEED CHA~GE LA~E ON GRADE 
TO LENGTH ON LEVEL 

DECELERATION LANE ACCELERATION LAi\IE 

Design 
Speed of 

Ratio 
Speed of Design Speed of Turning 

Highway Highway Roadway. mph 
mph mph 

3. -1.% 3- .+% 20 30 4-0 50 All 5peeds 
All upgrade downgrade 

0.9 1.2 3 · .+% upgrade 3 · -1.% downgrade 

5. 6% 5. 6% 
.io 1.3 1.3 -

I 

-- 0.7 
50 1.3 lA 1.-+ -- 0.65 

upgrade downgrade 60 1.-+ 1.5 1.5 1.6 0.6 
0.8 1.35 70 1.5 1.6 1.7 l.8 0.6 

Ratios m this table multiplied by 
5 · 6% upgrade 5 · 6% downgrade 

the values in table III-16 give the 40 1.5 1.5 ·- - 0.6 

length of speed change lane for the 50 1.5 1.7 1.9 -- 0.55 

respective grade. 60 1.7 1.9 2.2 2.5 0.5 
70 2.0 2.2 2.6 3.0 0.5 
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!:>) Storage La."1es 

Where exit lanes are required (see 8 Acct.~Ss Control} or 
desirable on low-speed streets and highways, storage lanes may be used in 
place of or in conjunction with deceleration lanes. Storage lanes should 
l:e used on all facilities. Alth:>Ugh the primary function of storage lane 
is to provide protection and storage f.:>r turning vehicles, it b, of 
course, desirable to provide sufficient length to allow for deceleration 
capabilities. · Storage lanes should confonn to the general configuration 
shown in Figure III-15. 

At unsignalized intersections, the storage length, 
exclusive of taper, may l:e based on the number of turning vehicles which 
are likely to arrive in2~ average 2-minute period within the peak hour, 
(storage in feet = 2 x 

60 
x number of turning vehicles per hour}. The 

length of storage lanes for unsignalized intersections may be obtained from 
the table on Figure III-15. '!be full-width p'.)rtion of storage lanes 
should, where p:>ssible, be increased to allow for expected storage of vehi
cles (see Table III-2 for vehicle lengths). As a minimum requirarent, 
storage for at least ~ passenger cars should be provided. 

On arterial streets (Design speed 45 mph or less) 
tapers preceding storage lanes, approaching intersections at grade, may be 
shorter than those given in Table III-16. (See AA5HO for recamended 
length). 

d) Turning Roadways 

The design and construction of turning roadways shall rreet th-~ 
same general requirerrents for through roadways, except for the specific 
requirerrents given in ~ subsequent sections. 

1) Design Speed 

Lanes for turning novanents at grade intersections may, 
where justified, be based up::>n a design speed as low as 10 mph. Turning 
roadways with design speeds in excess of 40 mph shall be designed in accor
dance with the requirarents for through roadways. 

A variable design speed may be used to establish cross 
section and alinerent criteria for turning roadways that will experience 
acceleration and deceleration maneuvers. 
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Reverse Curve Stop Control ~ 

s 
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At signalized intersection::> the required storage length depends on the signal 
cycle length, the signal phasing arrangement, and rate of arrivals and departures 
of turning vehicles. 
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2) Horizontal Alinenent 

a) Superelevation 

Recamended superelevation rates for turning roadways 
are given in .MSHTO. ("A Policy on Gearetric Design of Highways and 
Streets 1984" and "A Policy on Gearetric Design of Rural Highways -
1965"). 

b) CUrvature 

The min.ircrum peoni.tted radii (maximum degree) of curva
ture for various values of superelevation are given in MSHTO ("A Policy on 
Gearetric Design of Highways and Streets 1984" and "A Policy on 
Gearetrics Design of Rural Highways - 1965"). These should be considered 
as mini.mum value only and the radius of curvature should be increased 
wherever feasible. 

c) Superelevation T:!:ansition 

Reccmrended superelevation transition (runoff) -·ates 
are given L-1 MSHTO. ("A Policy on Gearetric Design of Highways and 
Streets - 1984" and "A Policy on Gearetric Design of Rural Highways -
1965"). 

3) Vertical Alinanent 

Grades on turning roadways should be as flat as practical 
and long vertical curves should be used wherever feasible. 'Ihe length of 
vertical c..."1JI'Ves shall be no less than necessary to provide rrrinimum stoppbg 
sight distance. Minimum stopping distances and K values for turning 
roadways are given in MSHTO ("A Policy on Gearetric Design of Highways and 
Streets 1984" and "A Policy on Gecrootric Design of Rural Highways -
1965") • 

4) Cross Section Elanents 

a) Number of Lanes 

One-way turning roadways are often limited to a singl~ 
travel lane. In this case the total width of the roadway shall be suffi
cient to allow traffic to pass a disabled vehicle. Two-way, undivided 
turning roadways should be avoided. Medians or barriers should be utilized 
to separate opposing traffic on turning roadways. 

b) Travel lanes 

The width of all travel lanes should be sufficient to 
accamodate (with adequate clearances) the turning rrovanents of the expect
ed types of vehicles. The minimum required lane widths for turning 
roadways are given in AASHTO. ("A Policy on Gearetric Design of Highways 
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and Streets - 1984"). Changes in lane widths should be gradual and should 
be accexyt)lished in coordination with adequate transitions in horizontal 
curvature. 

c) Shoulders 

On one-lane turning roadways serving expressways and 
other principal arterials (loops, ramps, etc.) the right hand shoulder 
shall be at least 6 feet wide. The left hand shoulder should be at least 6 
feet wide in all cases. On ~-lane, one-way roadways both shoulders shall 
be at least 6 feet wide. Where guardrails or other barriers are used, they 
shall be placed at least 8 feet fran edge of travel lane. Guardrail should 
be placed 2 feet outside the normal shoulder width. 

d) Clear Zones 

Turning roadways should, as a mim.mum, rreet all open
highway criteria for clear zones on both sides of the roadway. '!be areas 
on the outside of curves should be wider and m::>re gently sloped than the 
minimum values for open highways. Guardrails or similar barriers shall be 
used if the min:ircun width and slope requirarents cannot be obtained. 

Further criteria and requirarents for roadside design 
are given in Section rv ID.ADSIDE DESIGN. 

e) At-Grade Intersections 

1) Turning Radii 

Where right turns fra:n through or turn lanes will be 
negotiated at low speeds (less than 10 rrph) the minimum tuming capabil
ities of the vehicle may govern the design. It is desirable that the turn
ing radius and the required lane width be provided in accordance with the 
criteria for turning roadways. The radius of the inside pavem:mt edge 
slx>uld, however, be sufficient to allow the expected vehicles to negotiate 
the tw:n with::>ut encroaching upon the shoulder or adjacent travel lanes. 
Increasing this radius is desirable since many drivers do not always follow 
the optinun path around a curve. 

Where turning roadway criteria are not used, the 
radius of the inside pavarent edge should be no less than 25 feet. The use 
of three-centered canpound curves is also a reasonable practice to allow 
for transition into and out of the curve. 'Ihe reccmrended radii and 
arrangerent of ccrnp:mnd curves instead of a single simple curve is given in. 
MSH'ID ("A Policy on Gearetric Design of Highways and Streets - 1984".) 
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2) Cross Section Correlation 

The correlation of the cross sections of tw.:> 
intersecting roadways is frequently difficult. A careful analysis should 
be conducted to ensure that changes in slope are not excessive and that 
adequate drainage is provided. At stop-controlled intersections, the 
through roadway cross section should be carried through the intersection 
without interruption. Minor roadways should approach the intersection at a 
slightly reduced elevation so that the main highway cross section is not 
disturbed. At signalized intersections it is saretirres necessary to remJVe 
part of the crown in order to avoid an undesirable hump in one roadway. 

Intersections of grade or cross slope should be 
gently rounded to improve vehicle operation. PaVE!'Cel1t generally should be 
sloped toward the intersection corners to provide superelevation for 
turning maneuvers and to praoote proper drainage. 

Where islands are used for channelization ~l-ie width 
of travel lanes for turning rroverents shall be no less than the widths 
reccmrended by MSH'ro. 

3) Median Openings 

Median openings should be restricted in accordance 
with the requirerents presented in 8 Access Control. Where a ~an 
opening is required the length of the opening shall be no less than 40'. 
Median curbs shall be tenninated gradually without the exix>sure of abrupt 
curb ends. The tennination of nedi.an barriers shall be accanplished in · 
accordance with the requirerents given in Section r:v ROADSIDE DESIGN. 

4) Channelization 

Channelization of intersections at grade is th-~ 
regulation or separation of conflicting rroverents into definite travel 
paths by islands, ILarkings, or other rceans to prrnote safe orderly traffi~; 

flo.v. The major objective of channelization is to clearly define the 
appropriate paths of travel and tims assist in the prevention of vehicles 
deviating excessively or making wrong maneuvers. Channelization may be 
used effectively to define the proper path for exits, entrances, and 
intersection turning rrovarents. 

The rooth:xls used for channelization should be as 
simple as p:>ssible and consistent in nature. '!be channelization 
intersection should appear open and natural to the approaching driver. 
Channelization srould be informative rather than restrictive in nature. 

The use of lo.v easily-rrounted curbs and flush 
rcedians and islands can provide adequate delineation in rcnst cases. 
Islands should be clearly visible and in general should not be snaller than 
100 square feet in area. The use of small and/or nurcerous islands should 
be avoided. 
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Paverrent markings are a useful and effective tool 
for providing delineation and channelization in.an infonnative rather than 
restrictive fashion. The layout of all traffic control devices should be 
closely CCX)rdinated with the design of all channelization. 

f. Driveways 

Direct driveway access to arterials and major collectors should 
be discouraged. All turoouts to adjacent property should be designed so 
that vehicles can enter or leave fra:n adjacent traffic lane. 

Driveways fran major traffic generators or those with any sig
nificant truck traffic shall be designed as nonnal intersections. 

g. Interchanges 

The design of interchanges for the intersection of a freeway 
with a major highway, collector/distributor road or other freeway is a 
canplex problem. The location and spacing of interchanges should follo.1 
the requirarents presented in 8 Access Control. The design of interchanges 
shall follow the general intersection requirenents for deceleration, 
acceleration, rrerging maneuvers, turning roadways, and sight distance. 

Interchanges, particularly along a given freeway, should be 
reasonably consistent in their design. A basic principle in the design 
should be to develop simple open interchanges that are easily traversed and 
understandable to the driver. Carplex interchanges with a profusion of 
possible travel paths are confusing and hazardous to the rcotorist and are 
generally inefficient. 

Intersections with minor highways or collector/distributor 
roads may be accarplished by simple diannnd interchanges. The intersection 
of exit and entrance ramps with t..'1e crossroad shall ~t all btersection 
requirenents. 

The design of freeway exits should confonn to the general con
figurations sb:Mn below Table III-18. Exits should be on the right and 
should not be placed on horizontal curves. Where deceleration on an exit 
loop is required, the deceleration alinemmt should be designed so that the 
driver receives adequate warning of the approaching increase in curvature. 
This is best accanplished by gradually increasing the curvature and thus 
the resulting centrifugal force. This increasing centrifugal force 
provides warning to the driver that he rrust slow down. A clear view of the 
exit loop should also be provided. The length of deceleration sh.all be :oo 
less than the values obtained fra:n Table III-18. 
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TABLE III-18 

MINIMUM DECELERATION LENGTHS FOR EXIT TERMINALS 

Highway 
L = Deceleration Length - F ~et 

Design For Design Speed of Exit. Curve - mph 
Speed, 
mph Stop 

15 20 25 30 35 -1.0 -l.5 50 
Condition 

30 235 185 160 1.:1.0 -- -- -- - _; 

.+O 315 295 . 265 235 185 155 -· ·-· --
50 -t.35 405 385 355 315 :285 225 l""-'~ ----
60 530 500 -490 460 -1.30 -410 340 300 240 

65 570 540 530 -1.90 .+80 .+30 380 330 280 

70 615 590 570 550 .510 .+90 .+30 390 3-t.O 

EXPRESSWAY EXIT TERMINALS 

---i.2-r-- :::======:::::;;:==:=:==--~ 

3° to s
0 

I _~,~" 
4 ° desirable ~-·------L _________ ~ "'-

TAPER TYPE 

Recommended when design speed at exit curve is 50 MPH or greater and 

when approach visability is good. 

12' --------

,_ 180 '-300' L 

PARALLEL TYPE 

Recommended when design speed at exit curve is less than SO :~H or 

when approach visability is not good. 
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TABLE III- l 9 

:\'IINIMUM ACCELERATION LENGTHS FOR ENTRANCE TERMINALS 

Highway 
L :: Accderation Length · Feet 

Design 
For Entrance Curve Design Speed, mph 5peed, 

mph Stop 
15 20 25 30 35 40 .is 50 

Condition 

30 190 - - -- - -- --- -- --
-t.O 380 320 250 :!~O 140 ·-- --- -- --
50 760 700 630 580 500 380 160 ---- ·--

60 1,170 1.120 1.070 1.000 910 800 590 400 170 

70 1,590 l,540 1,500 l,410 1.330 1,230 1,010 830 580 

EXPRESSWAY ENTRANCE TERMINALS 

Recommended when design speed at entr~ncc curve is 50 :LPH or gre<;;.ter 

P-1~=-=-L=-=-~
12

-._-tl-_.300_' l"'li._n. -....-i 

Parallel Type 

n.ct.:ommcnd~<l ~.,rhcn design spe:ed :;.t ·cntr;rnce curve is less t:ha•l 50 :-::?H 
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Entrances to freeways should be designed in accordance with th~ 
general configurations shown below Table III-19. Special care should be 
taken to ensure that vehicles entering fran loops are not directed across 
the through travel lanes. The entering roadway should be brought parallel 
(or nearly so) to the through lanes before entry is pennitted. Where 
acceleration is required the distances shown in Table III-19 shall, as a 
minimum, be provided. Exits and entrances to all high-speed (design speed 
greater than 50 mph) facilities should, where feasible, be designed in 
accordance with Tables III-18 and III-19. The lengths obtained fran Tables 
III-18 and III-19 should be adjusted for grade by using the ratios in Table 
III-17. 

The selection of the type and exact design details of a partic
ular interchange requires considerable study and thought. 'Ihe guidelines 
and design details given by current AASHO publications should generally be 
considered as a minimum criteria. 

h. Clear Zone 

~ provisions of ample clear zone and/or proper redirection of 
energy-absorbing devices is particularly ilrrfx>rtant at intersections. Every 
effort should be nade to open up the area around the intersection to 
provide adequate clear zone for vehicles which have left the traveled way. 
Drivers frequently leave the proper travel path due to unsuccessful turning 
maneuvers or due to the necessity for arergency avoidance maneuvers. 
Vehicles also leave the roadway a~er intersection collisions and roadside 
objects should be renoved to reduce the probability of secondary impacts. 
The roadside areas at all intersections and interchanges should be 
contoured to provide shallow slopes and gentle changes in grade. 

The roadside clear zone of intersecting roadways should be 
carried throughout intersections with no discontinuities or interruptions. 
Poles and supµ:>rt structures for light, signs and signals should not be 
placed in rredians or within the roadside clear zone. When light poles and 
signs rmist be placed within the clear zone they shall be clearly of the 
breakaway type. 

The design of guardrails or other barriers should receive par
ticular attention at intersections. Impact attenuators should be used in 
all gore and other areas where structures cannot be remJVed. Barrier curb.:; 
should not be used in intersections. 

Particular attention should be given to the protection of 
pedestrians in intersection areas (see Section VIII PEDESTRIAN TAAFFIC) • 
Further criteria and requirercents for clear zone and protection devices at 
intersections are given in Section TV ROADSIDE DESIGN. 
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10. Other Design Factors 

a. Pedestrian and Bicycle Facilities 

Provisions for expected pedestrian and bicycle traffic should 
be incorporated in the original highway design. All new highways, except 
controlled access highways, should be designed and constructed under the 
assumption that they will be used by bicyclists. Roadway (.."Ondi tions should 
be favorable for bicycling. This includes safe ·drainage grates and 
railroad crossings, 3IDC>th pavanents, and signals responsive to bicycles. 
In addition, the desirability of ad.ding facilities such as bicycle lanes, 
bicycle routes, shoulder improvarents, and wide curb lanes should be 
included to the fullest extent 'fX>SSible. Specifically, all rural arterial 
and collector sections within one mile of an urbanized area should be given 
consideration for the construction of 4' paved shoulders, and all urban 
arterial and collector sections should be given consideration of either a 
14' wide curb lane, undesignated 4' lane or marked bike lane. Generally 
such facilities shall not be marked to attract bicycle traffic. Pedestrian 
pathways should be separated fran the roadway as far as is practical. 
Further criteria for the location of pedestrian and bicycle facilities are 
given in Section VIII PEDFSTRIAN TRAFFIC, Section II LAND DEVEWPMENT and 
Section IX BICYCLE FACILITIE:s. 

The placercent of sidewalks adjacent to the roadway should be 
avoided wherever p::>ssible. If pedestrian paths or sidewalks are near the 
roadway the use of protective devices (see Section rv ROADSIDE DESIGN) 
should be considered where practical. Intersections of pedestrians and 
vehicle paths should be carefully designed with regard to providing ade
quate mutual sight distance. Pedestrian overpasses should be used where 
crossing volunes are high. These overpasses should have ~ufficient verti
cal clearance due to the 'fX)tential consequences of being struck by a vehi
cle. Pedestrian overpasses should also be covered with a screen or othe:..
device to reduce the likelihood of objects being thrown onto passing 
vehicles. 

b. Utilities 

Where it is necessary for the utility to locate within the 
highway, street or road, the placement and location shall not be in contra.
diction to or fail to rceet the intent of the design requirenents of this 
manual. 

Poles or other above gro\.ll'ld utility structures are not general
ly permitted in rredians or within the roadside clear zones. Underground 
utilities should not be buried under the pavercent 'Wl1en other space is 
available within the right of Wfr'f • Unavoidable crossings of the roadway 
should be designed to allow for repairs and m:xlifications without unneces
sary disruption or hazard to traffic. The placanent of access manholes 
within the pavement, shoulders, or rredians should be avoided. 
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The location of all utilities should be selected so that it 
does not provide a roadside hazard and so that repairs and m:xiifications 
can be perforrred without unnecessary disruption or hazard to traffic or 
worklren (see Section XI IDRKSITE SAFEIY) • further guidelines for utility 
control are presented in the Utility Accarm:::xJations Guide of the Florida 
Department of Transportation. 

c. Drainage 

~ primary objective is to provide for rapid drainage of the 
roadway surface. Water standing on the travel lane or shoulder produces a 
definite safety hazard. It is also important to provide effective drainage 
for nedians and roadside clear zones. Criteria used in drainage design can 
be found in the Florida Department of Transportation Drainage Manual. 

The use of barrier curbs imrediately in front of guardrails, 
bridge railings or other barriers is prohibited. 

Drainage grate selection should consider bicyclist usage. 

d. Traffic Control Devices 

The design and layout of signs, signals, and markings should be 
carried out in conjunction with the original highway design. This is of 
particular irop::>rtance at intersections. The design of the highway should,· 
however, be sufficient within itself to provide the maxirrun clarity and 
control without reliance upon traffic control devices to retroy basic 
defects in the highway design. Danand activated traffic signals should 
consider small vehicles such as rrotorcycles and bicycles. The design and 
layout of traffic control devices shall be in agreanent with the Manual of 
Unifonn Traffic Control Devices for Streets and Highways. 

e. CUrb Cut Ramps for the Physically Handicapped 

Pennanent curb c..ut ramps shall be provided at crosswalks at all 
intersections where curbs and sidewalks are constructed in order to give 
persons in wheelchairs and other handicapped persons safe access to 
crosswalks. CUrb cut ramps shall be constructed to be in substantial 
confonnance with the Unifonn Federal Accessibility Standards plblished by 
the General Services Administration, Department of Housing and Urban 
Developrent, Department of Defense, and United States Postal Service. 

Ramp width shall be a minimum 3 feet wide with a 12 : 1 curb 
transitions on each side when pedestrians must walk across the ramp. Th~ 
ramp slope shall not exceed 12:1 and shall have a slip-resistant surface 
texture. 

For the safety of persons using the curb ramp, it should be 
placed within the crosswalk. It is :i.roEX>rtant to blind persons using the 
sidewalk that the location of ramps be as uniform as possible. A contrast
ing surface texture should be used. 
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Designers should keep in mind t..liat t11e many variables invoked 
make each street intersection a special probl6":1. For this reason, standard 
guidelines will aot fit all situations and cannot r-eplace t"le need for the 
use of sound engineering judgatEnt in the design of curb ramps. 

f. Bridge Design wad.ings 

'!'re miniim.lm design loading for all new and reconstructed 
bridges shall be HS-20. "See AASHTO Standard Specifications for Highway 
Bridges." 

g. Dead-end Streets and Cul-de-sacs 

~ end of a dead-end street should pennit travel "i.·etu_rn with a 
turn around area, considering backing novarents, that will accamodate 
single unit truck vehicles without encroachrcent upon private property. 
Recarmended treatment for dead-end streets and cul-de-sacs is given in 
AASH'ID ("A Policy on Gearetric Design of Highways and Streets, 1984".) 

h. Bus Benches and Tr~'1Sit Shelters 

Any bus bench or transit shelter located on a side\va.lk within 
the rights-of-way of any road on the State Highway or County Road system 
shall be located so as to leave at least 36 inches clearance for 
pedestrians and persons in wheelchairs. SUch clearance shall be measured 
in a direction perpendicular to the centerline of t.lie road. 

11. Reconstruction 

a. Introduction 

A large portion of the existing highway network is obsolete. 
The reconstruction (ircq;>rovement or upgrading) of existing facilities may 
generate equal or greater safety benefits than similar expenditures for the 
construction of new streets and highways. r-bd.ifications to increase 
capacity should be evaluated for tre potential effect on the highway safety 
characteristics. The long-range objectives should be to bring the existing 
network into ccmpliance with current standards. 

b. Evaluation of Streets and Highways 

The evaluation of the safety characteristics of streets and 
highways should be directed towards the identification of undesirable fea
tures on ~ existing system. Particular effort should be exerted to iden
tify the location, and nature of features with a high accident potential. 
Methcx:ls for identifying and evaluating hazards include the following: 

1. Identification of any gearetric design feature that is not 
in ccmpliance with minimum or desirable standards. This could be accan
plished through a systematic survey and evaluation of existing facilities. 

III - 74 

-

-



2. Information from maintenance or other personnel. 

3. Review of accident records and traffic counts to identify 
locations with a large number of accidents or a high accident ~ate. 

c. Priori ties 

A large percentage of highway reconstruction and improverent 
is, of course, directed ta.vard increasing efficiency and capacity. The 
program of reconstruction should, hc:Mever, be based to a large extent upon 
priorities for the iroprovarent of safety characteristics. 

~ priorities for safety irrq;>rovarents should be based up:m the 
objective of obtaining the nmd.nu.nn reduction in accident potential for a 
given expenditure of funds. Elimination of conditions that may result L11 
serious or fatal accidents should receive the highest priority in the 
schedule for reconstruction. 

Specific high priority problan areas that should be corrected 
by reconstruction include the following: 

1. Obstructions to sight distance which f::-equently produce 
extrarely serious hazards and can often be econanically corrected. The 
raroval of vegetation, p:>les, ~igns and parked vehicles to :improve sight 
distances on curves and particul~:-ly at intersections can be of i.rrmense 
benefit in reducing accidents. The purchase of required line-of-sight 
easercents is often a wise expenditure of highway funds. The establishment 
of sight distance setback lines i3 encouraged. 

2. Roadside and rredian hazards which can often be raroved or 
relocated farther fran the traveled way. Where rerroval is not f2asible, 
objects should be protected by redirection on energy-absorbing devices. 

'!'ha reduction of the roadside hazard problem generally provides a good 
return on the safety dollar. Details and priorities for roadside hazard 
reduction, which are presented in Section DI ROADSIDE DESirn, ~3hould be 
incoq:orated into the overall priorities of the reconstruction program. 

3. Poor pavarent surfaces which are hazardous should be main
tained or reconstructed in accordance with the design criteria set forth in 
Section V PAVEMENT DESIGN, ~STRUC'TION AND MAINrENANCE. 

4. Specific design features which could be awlied during 
reconstruction to enhance the operations and safety characteristics of a 
roadway include the follc:Ming: 

a) The addition of roadway lighting. 

b) The provision of frontage roads or other alternate 
paths. This may be utilized to improve tl-)e efficiency .'.'md safety of 
streets and highways with poor control of access. 
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c} Widening of pavetrents and shoulders. This is often a11 
econanically feasible trethod of increasing capacity and reducing traffic 
hazards. Provision of rredian barriers (see Section IV ROADSIDE DESIGN) ~~an 
also produce significant safety benefits. 

d) The raroval, streamlining, or m:xlification of drainage 
structures. 

e) Alinement m::xlifications. These are usually extensiw~ 
and require extensive reconstruction of the, roadway. Reroval of isolated 
sharp curves is a reasonable and logical first step in alinercent nvdifica
tion. If rrajor realinarent is to be undertaken, every effort should be 
made to bring the entire facility into canpliance with t..Jie requirercents for 
new construction. 

f) The use of traffic control devices. This is generally 
an inexpensive xrethod of alleviating certain highway defects. 

g) Existing bridges that fail to rreet current design stan
dards, and which are available to bicycle traffic, should be retrofitted on 
an interim basis as follows: As a general practice, bridges 125 feet in 
length or longer, bridges with unusual sight problems, steep gradiants 
(which require the cyclist longer tine to clear the span) or other unusual 
conditions should display the standard Wll-1 Caution sign with an added 
slug "On Bridge" at either end of the structure. Special care should be 
given to the right m:>st 1,X>rtion of the roadway, where bicyclists are 
expected to travel, assuring srcothness, paverent mliformity, freedan fran 
latitudinal joints, and to ensure cleanliress. Failure to do so forces 
bicyclists further into the center portion of the bridge, reducing traffi~ 
flow and safety. 
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SECTION IV: ROADSIDE DESIGN 

A. Intrcxluction 

This section presents guidelines and standards for roadside design that 
are intended to reduce the likelihood and/or consequences of roadside 
crashes. The construction and maintenance of safe rredians and roadsides is 
of vital importance in the developrent of safe streets and highways. 

Many of the standards presented in Section III ~C DESIGN are 
predicated to a large extent Utx:>n reducing the probability of vehicles 
leaving the proper travel path. Other standards in that section are 
directed toward a reduction in the likelihood or consequences of crashes by 
vehicles that leave the roadway. These standards contain requirarents for 
the design of shoulders, m:rlians and roadside clear zone including 
requirerents for the use of guardrail and rredian barriers. The design of 
the roadside should be considered and conducted as an integral part of the 
total highway design. 

Due to the variety of causative factors, the designer should consider a 
vehicle leaving the traveled way at any location. The design of the 
roadside should be based upon reducing the consequences to errant vehicles 
and their occupants. 

B. Policy 

The roadside, which includes the rredian, shall re considered as the 
total environrrent adjacent to the roadway. The design of the roadside 
shall be considered as an integral part of the total highway design. 

C. Objectives 

The general objective to be followed in roadside design is to provid.~ 
an envirornrent that will reduce the likelihood and/or consequences of 
crashes by vehicles which have left the traveled way. The achievarent of 
this general objective will be aided by the follo.ving: 

1. PDadside areas t.liat are adequate to allow reasonable space and ti.Ire 
for a driver to regain or retain control of the vehicle and stop or :::-etum 
to the traveled way. 

2. Shoulders, rredians and roadside clear zones that may be traversed 
safely without overturning. 

3. The location of roadside objects and hazards as far fran the travel 
lane as is econanically feasible. 

4. Roadsides that, in addition to being safe, appear safe to the driv
er so as to encourage use of the roadside for necessary errergency avoidance 
maneuvers and for errergency parking. 
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5. Protection of pedestrians, workrten or other persons t.liat may re 
subjected to the hazard of out-of-control vehicles. 

6. Adequate protective devices (wtere hazards are unav•Jidable) that 
are canpatible with vehicle speeds and other design variables. 

D. Roadside Design 

The basic requirerents and standards for the design of shoulders, medi
ans and roadside clear zones are given in Section III GECMm'RIC DESIGN. 
This includes specific requirercents regarding widths, slopes and changes in 
grade. Also included are general requirenents for drainage facilities, 
utilities and pedestrian pathways. 

The contents of this chapter contain general guidelines for particular 
situations encountered in roadside design due to the variety and carplexity 
of the possible situations that may be encountered. The designer should 
utilize the following as basic guidelines to develop a safe roadside 
design. 

1. Gearetric Changes 

a. Horizontal Curves 

On horizontal curves, consideration should be given to increas
ing the rcedian and roadside clear zone over the minimum requirercents, due 
to the increased likelihood of vehicles leaving the travelE.<l way. 
Increasing widths and decreasing slopes on curves is also :important since a 
vehicle will probably leave the traveled way at a steeper exit ar1gle. 
Increasing widths on curves is also beneficial in improving the available 
sight distance. 

b. Vertical Curves 

.Additional roadside clear zones 3hould be considerl.~ on steep 
grades and on crest vertical curves. As a vehicle cc::xres over a crest the 
driver may suddenly be presented with a situation that requires a"'l 
emergency avoidance maneuver. The provision of adequate clear zones beyond 
crests is particularly important where traffic volUires are high (e.g. u...~'1 
areas) since traffic queues may fonn rapidly, tlrus tending to cause 
rear-end collisions. 

c. Changes in Cross Section 

The provision of adequate clear zone is very important at 
exits, entrances, lane drops or other changes in the roadway cross section. 
The exterior OOundaries of the clear zone should be extended well beyond 
any reductions in roadway width and then gradually reduced to provide the 
design width for the new roadway cross section. 
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d. Decision or Conflict Points 

Additional clear zones should be considered at any pobt of 
traffic merging or conflicts and at locations where the driver is confront
ed with ma.king a decision regarding vehicle maneuvers. 

2. Fills 

Most roadways are, for drainage purposes, elevated sacewhat arov~: 

the surrounding terrain. Where feasible, the side slopes should not exceed 
a ratio of 6: 1. On shallow slopes ( 6: 1 or flatter) care should be 
exercised to eliminate sharp changes in grade or other discontinuities. 

If the side slope is steeper than 3:1 guardrail or another longitu
dinal barrier should be used. Where barriers are used the a:nbankrrent slope 
should be determined, by taking into account soil stability considerations 
and maintenance. 

3. Cuts 

A primary objective of roadside design in cut sections is to pre
vent conditions that would tend to cause rollovers or serious collisions 
with the cut ernbankrrent. When t.~ material in the cut is srroot.~ and stabl·?. 
the use of an increasing backs lope is a reasonable solution. 'lbe technique 
is also acceptable in rock cuts that are stable provided t.'1at sr:noth fill 
material is utilized to effect the backslope. 

The use of a rigid barrier incoqx>rated into the cut slope is also 
satisfactory for rock slopes. Where the material in the cut is unstable, a 
guardrail or other longitudinal barrier set out fran the cut face should be 
utilized. Placing the barrier away fran the slope is necessary to prevent 
rocks or other material fran falling onto the roadside clear zone. 

4. Roadside Canals 

Roadside canals or other bodies of water close to the roadway 
should be avoided wherever p:_)ssible. 

Where roadside bodies of water at or near the boundary of the 
roadside clear zone cannot be avoided, they shall be guarded by a longi
tudinal barrier. 

5. Vegetation 

The proper use of natural vegetation can provide valuable and eco
nanical assistance in developing safe roadsides. 
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a. Stability 

The use of grass or other law-growing vegetation t..'1.at i:3 easily 
maintained may be used on rredians and roadside clear zones. This 
vegetation should be carefully maintained so that a vehicle can safely 
traverse those areas. 

b. Drainage 

Drainage swales may be protected frcm hazardous scouring 
(alteration of safe ditch contour) by the appropriate vegetation. Grass, 
vines or other plants can be beneficial in stabilizing ~nts to pre
vent erosion of material onto adjacent roadways. The appropriate use of 
grass or shrubbery ::an also aid in retarding runoff in ~'1e vicinity of the 
roadway, thus benefiting the overall drainage pattern. 

c. Crash Cushion 

Native shrubbery !1.ay also be used as an effective natural bar
rier or crash cushion at the outer edge of the clear roadside clear zone. 
care should be taken to use shrubbery or other vegetation that vnuld slCM 
an out-of-control vehicle without excessive deceleration. Vegetation that 
would develop large trunks or branches should be avoided. 

d. Envirornrental and Aesthetic Considerations 

The use of natural grass and shrubbery for borders along 
roadways provides an i.rnpJrtant envirornrental asset. 'Ihis border serves as 
a preserved green belt that minimizes the adverse irrpact (dirt, noise, 
etc. ) of a street or highway. '!be use of a wide, gently flowing grassed 
roadside of varying width is generally an aesthetically pleasing solution 
to safe roadside design. 

6. Drainage 

Proper drainage of the pava-cent, shoulders, rredian and roadsid:~ 
clear zone is important for maintaining a safe street or highway. The 
techniques utilized for providing drainage should result in safe vehicle 
operation on or off the roadway. 

a. Inlets 

Drainage inlets should not be placed in a travel lane and 
should not be placed in a shoulder, except at the exterior edge when drain
age restrictions are severe. Drainage inlets within the rredian or roadside 
clear zone should be flush with the ground surface. A small area around 
the inlet should be paved to improve drainage and to prevent local erosion. 
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b. Ditches 

Drainage ditches peq:endicular to the roadway should not be 
used within the m=dian or roadside clear zone. Roadside drainage ditches 
(parallel to the roadway) should, whenever possible, be located outside of 
the required roadside clear zone. All drainage ditches within the median 
or roadside clear zone shall rreet the requirerrents for slope and changes in 
grade given in Section III GECMEl'RIC OF.SIGN. 

c. CUlverts 

A primary objective of drainage design should be to eliminate 
open culverts and drainage structures, wherever possible. At intersec
tions, exits, entrances, driveways and rre<lian crossovers, the drainage flow 
pattern should, if possible, be directed away frcrn the interruption of the 
ItEdian or roadside clear zone. 

Where culverts are unavoidable at intersections, the entrance 
and exit should be flush with the adjacent ground or located beyond the 
clear zone. The slope and changes in grade at the structure should conform 
to minimum requirerrents for roadside clear zone. Culvert tenninations at 
ItEdian crossovers should be constructed in a similar fashion. 

Where culverts are required perpendicular to the roadway, they 
should be extended beyond the roadside clear zone.as far as is feasible. 
Headwalls at the culvert terminations (even outside the required clear 
zone) should not protrude al:xJve the ground surface. Sloping entrances and 
exits that are generally flush with side slopes should be used wherever 
possible. Proper ground contouring of the roadside approach can provide a 
relatively srrooth surface that can be traversed with reasonable safety by 
an out-of-control vehicle. 

7. CUrbs 

The basic criteria for prohibiting or permitting the use of curbs 
is given in Section III GECMEI.'RIC DESIGN. Curbs may be classified accord
ing to their function as a barrier, a delineation or a drainage control 
curb. 

a. Barrier Curb (Any curb with a height greater than 6") 

A barrier curb is utilized to deter access to the adjacent 
property. Barrier curbs should only be used outside of the clear zone when 
speeds are greater than 40 rrph. 

b. Drainage Control Curbs 

On high-speed facilities every effort should be m:l.de to avoid 
the use of drainage curbs. In all cases the height of the curb shall be 
kept to a minimum necessary for drainage control purposes. On fills or 
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steep slopes drainage gutters may be required. The tennination of all 
curbs should be effected by a gradual longitudinal taper with a slope of 
6:1 or flatter. 

8. Poles and Supp:>rt Structures 

The location and design of µ:>les or supp::>rt structures for signs, 
signals, lighting, utilities or other pul1X)ses is one of the rrost important 
aspects of safe roadside design. All poles and supp:>rt structures should 
be located outside of the required clear zone, unless they are clearly of 
the breakaway type, or are guarded by adequate protective devices. 

Utility IX>les and structures not related to the highway operation 
should be located outside the recovery area or at the right of way line. 
Sign, signal and lighting supports should be set back as far as is 
practical. 

Small breakaway signs may be used in clear zone if they are 
necessary for traffic control ptrr'IX)ses. 

9. Intersections 

Due to the high accident probability and the limited area involved, 
additional roadside clear zone should be considered at intersections. All 
IX>les or other structures that are not absolutely essential should not be 
located in the vicinity of the intersection. When joint use agreaYEnts can 
be arranged, the various governrental agencies and utilities shoul<l 
oonsider the use of joint purpose single IX>les as a replacarent for all 
poles or structures that serve a single pul1X)Se. Light poles and traffi-. 
signal supp:>rts should be roved back as far as is practical fran the 
boundary of the roadside clear zone. 

Energy-absorbing devices should be considered for protection of 
lighting and traffic signal s\IPEX)rts that are located near the roadside 
clear zone. 

10. Underpasses 

The full nroian and roadside clear zone should be carried through 
the underpass without interruption. Where it is not feasible to eliminate 
the supports, guardrail or anot.l-ier longitudinal ba....-rrier should be used. 
'1be barrier may be a rigid barrier incoq:x:>rated into the supp:>rt columns or 
a guardrail set out frcm the supp:>rts. The barrier should be extended well 
beyond the supports. 

11. Bridges and Overpasses 

The required horizontal clearance (see Section III Ci&:METRIC 
DESIGN) should be maintained on all bridges, overpasses or other elevated 
roadways. The full roadNay cross section, including shoulders, should be 
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carried across without interruption. Bridge railings should be designed 
and constructed in canpliance with the requirerrents for redirection 
barriers. Particular emphasis should be placed upon the prevention of 
structural failure and vaulting of the railing by errant vehicles. 

on all high speed roadways (design speed 50 mph or greater) the 
bridge railing or other barrier should be extended sufficiently (and prop
erly terminated) to prevent vehicles from passing behind the barrier and 
entering the hazardous location. The transition between the bridge railing 
and the approach barrier should be filOOth and continuous. Barrier curbs 
should not be placed in front of bridge railing or other barriers. 
Pedestrian pathways or sidewalks should be placed outside of t..he bridge 
railing or barrier on all high speed roadways. 

It is desirable that twin bridges for ncrninal width !red.ian divided 
highways be filled in the dividing area, thus carrying the m:rlian across 
the bridge without interruption. The gore area between diverging elevated 
roadways should be bridged over for a sufficient distance to allow for the 
placement of any energy absorbing device. If twin bridges are used, th~ 
rredian layout should confonn to Section III GEIJvIBTRIC DESirn. 

12. Mail.OOxes 

Guidelines for the location of mail.OOxes, type of support, and 
turnout construction are given in MSH'ID (A Guide for Erecting Maill:x:>xes on 
Highways - 1984). 

E. Protective Devices 

Protective devices for roadside design may be considered as highway 
appurtenances that are intended to reduce the severity of off-the-roadway 
crashes. In those situations where the mini.nun safety stairlards for rredia.'1 
and roadside clear zone are not feasible, protective devices should be 
used. These protective devices may be divided into three general cate
gories, narrely redirection devices, energy absorbing devices and breakaway 
supports. 

1 • Redirection Devices 

Redirection devices are longitudinal barriers (rigid or fle..xible) 
such as guardrails, ned.ian barriers and bridge railings that are placed 
parallel to the roadway to contain out-of-control vehicles. 

a. Function 

~ primary function of a longi tudL'l.al barrier is to redirect 
an errant vehicle away fran hazardous roadside situations. The barrier 
should be designed to produce a minimum of deceleration (lateral and longi
tudinal) to a vehicle. 
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b. Warranting Conditions 

Warranting conditions for the use of longitudinal barriers are 
essentially those conditions in which t.~e overall probability of injuries 
and fatalities would be reduced by the use of these redirection devices. 

c. Location 

Ideally, the barrier should be located so as to minimize th:. 
likelihood of its being struck by an errant vehicle. The barrier should be 
located outside the normal shoulder width. The location and orentation of 
the barrier should also be selected to minimize the angle of impact and 
thus the resulting vehicle deceleration. 

Flexible barriers should be set out fran rigid objects or 
other hazards a sufficient distance so that the barrier may deflect without 
interference. Reasonable deflections for guardrails with strong posts are 
approximately 2 to 4 feet. Weak posts/strong rail barriers and cable 
systems may deflect considerably rrore. The location of the barrier should. 
be selected in close coordination with the design of its deflection 
characteristics. 

d. Length 

The length of a longitudinal barrier should be sufficient to 
prevent a vehicle, travelling in either direction, fran passing behind the 
barrier and striking the hazard being guarded. 

e. Vehicle Contaiment 

I.Dngitudinal barriers should have sufficient strength to pre
vent a vehicle fran breaking through the barrier. Structural continuity 
and sm::iothness is also required to prevent rapid deceleration or penetra
tion of the vehicle by any of the barrier canponents. 'lbe shape and height 
of the barrier should be adequate to discourage overturning or vaulting of 
the barrier. The surface in front of the barrier should be approximately 
perpendicular to the barrier and should be free fran barrier curbs or othe::.· 
discontinuities. 

f. Barrier Types 

Barriers may be generally classified as rigid or flexible. Th:~ 
recamended barriers in the following material are intended as general 
guidelines only. As new types of barriers are developed and tested suc
cessfully, they may be incorporated into roadside design. They should, 
however, confonn with the requirarents previously established. 
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1) Rigid Barrier 

Rigid barriers are generally less effective in controlling 
lateral vehicle decelerations at locations subject to high-angle impacts. 
The use of this barrier is recarrrended for bridge railings and for use at 
retaining walls, rock cuts or other rigid hazards where space limitations 
are severe. 

2) Flexible Barriers 

Barriers which yield sateWhat on irrpact are often rrore 
useful in limiting vehicle decelerations. Special care should be exercised 
to ensure that they are structurally adequate and that they maintain a 
snooth continuous surface. 

This type of barrier can be expected to deflect 2 to 4 feet 
under impact. The p:>st spacing may be increased when a stiffer rail is 
utilized. The weak p:>st barrier and the cable barrier can be expected to 
deflect 8 to 12 feet or rrore and should be limited to locations with 
adequate clear space. 

g. Transitions 

Changes in barrier type should be kept to a minimum. T'ca::1Si
tions between barriers of two types should be srcooth and continuous with oo 
protruding canponents that could snag or penetrate a vehicle striking the 
barrier fran either direction. The transition frcm a flexible to a rigid 
barrier should be stiffened gradually to prevent "p:>eketing" of an errant 
vehicle. 

h. Tenninations 

Barrier tenninations or interruptions should be kept to a mini
rrun. '!he barrier tennination should be designed to allow for a reasonably 
safe traversal by a vehicle travelling in either direction. 

Roadside guardrails should be flared away frcm the roadway. 
The use of energy absorbing device as the tennination of the longitudinal 
barrier is an effective and acceptable procedure for both roadsides and 
roodians. 

2. Energy-Absorbing Devices 

a. Function 

The primary function of an energy-absorbing device or crash 
cushion is to limit the deceleration rate of a vehicle. This is utilized 
at locations where impact with the roa.dside object \YOUld produce a greater 
deceleration rate. The deceleration rate is controlled by providing a 
cushion which defonns over a large distance while bringing the vehicle 
gradually to a stop. 
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b. Warranting Conditions 

Crash cushions (or other protective devices) ure used for the 
protection of occupants of an out-of-control vehicle which might strike 
objects in the rredian or roadside clear zone that would produce serious 
vehicle deceleration. 

other locations or situations that should be considered fo~ 
crash cushions· include: gore areas on elevated roadways, intersections, 
barrier tenninations, b.:-idge abutrrents and supp:>rts, retaining walls, or 
any other roadside object subject to irrpact by an errant vehicle. 

c. Design Criteria 

The primary design criteria is the limitation of vehicle decel
eration which is a ftmction of the vehicle speed and the total crash cush
ion deformation. 

The crash cushion should be located as far fran the roadway as 
is practicable to reduce the likelihood of impact. Special care should be 
exercised in the design to reduce the probability of a vehicle overturning 
or vaulting the crash cushion. 

d. Design Details 

The developrent and testing of crash cushions are both recent 
and rapid. The rapidly expeooing technology in this field requires that 
the nost recent research and experience be utilized in selecting a particu
lar type of crash cushion. 

3. Breakaway Supports 

Where unprotected poles or supp::>rts for signs, signals, lighting or 
other pu...T")?OSes are located in the ne:iian or roadside clear zone they should 
be breakaway in nature. The fi.mction of a breakaway support i:> to minimize 
the vehicle deceleration and thus the probability of injury to the vehicle 
occupants. The design of the SllpEX>rt should also be adequate to prevent 
portions of the structure fran penetrating the vehicle interior. 

Small .signs should be designed to bend over flush with the ground 
up:m impact. Larger signs should be designed with rraJ.ltiple · p'.)sts with slip 
joints at the base and a 'W'eake11ed section and fuse plate intended to act as 
a hinge at the bottan of the sign. 
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SECTION V: PAVEMENT DESIGN, CONSTRlx.:TION AND MAINTENAOCE 

A. Pavarent Design 

The functions of the pavarent or roadway surface is to provide a saf-='..! 
and efficient travel path for vehicles using the street or highway. The 
paverrent should provide a uruforrn conta(...'t surface retween the vehicle and 
the roadway, thus allONing for a confortable ride and a minim.lm of distrac
tions to the driver. The pavarent friction characteristics should be such 
that adequate longitudinal and lateral forces between the vehicle tires and 
the pava:rent can be developed to allow an adequate margin of safety fo~ 
required vehicle maneuvers. 'Ihese characteristics should prevail at the 
highest reasonable level for the expected surface and weather conditions 
and anticipated operational characteristics of the facility. 

In order for the pava:rent to perform its ftmction properly, t."1e follow
ing objectives shall be followed in the design and construction of the 
pavarent: 

1) Develop and maintain adequate skid resistance qualities to allo . .,r 
for safe execution of braking, cornering, accelerating and other vehicle 
maneuvers. 

2) Provide drainage to prooote quick drying and to reduce the likeli
hood of hydroplaning and splashing. 

3) Provide sufficient structural integrity and the prot:er rigidity to 
prevent ravelling, breakup, rutting and "r:otholing". 

1. Skid Resistance 

The develoµrent of adequate skid resistance properties shall be a 
ma.jor factor in the design and construction of pavarents. Paverents should 
be designed and constructed so as to maintain adecfuate skid resistance fo::
as long a period as the available materials, technology, and econcmic 
restraints pennit, thus eliminating many costly and hazardous maintenance 
operations. The use of steel grid bridge decks should be avoided except 
for novable or tanp::>rary spans. A durable, skid-resistant surface texture 
should be incoq:orated in the paverent to allow for adequate friction 
capabilities between the vehicle tires and the roadway surface. Th2 
surface texture should be course (deep textured and angular), gritty, and 
resistant to i;:olishing and breakup. Due to the canplexity of pavarent 
design and construction, the results of relevant experience and testing 
(such as that conducted by the Florida Depart:Irent of Transµ:>rtation Bureau 
of Materials and Research) should be used in the selection of aggregate and 
other materials, the general mix design, the xrethcd of placenent aT'ld th~~ 
techniques used for finishing the pavercent surface. The design of mixes 
should be m::xilfied by continuous field test during construction and should 
be entrusted to qualified pavarent designers and laroratory personnel only. 

Section V - 1 



2. Drainage 

Adequate drainage of the roadway and shoulder surfaces should be 
provided to prevent accurrn.llation of water to excessive depths. Factors 
involved in the general pavement drainage pattern include ti"ie pavetent 
tangential and cross slopes, shoulder slopes and surface texture, curb 
placacent and the location and design of collection structures. Th~ 
selection of pavaoont cross slopes should receive particular attention to 
achieve the proper balance between drainage requirenents and vehicle opera
tion requiranents. The use of curbs or other drainage restrictions adja
cent to the roadway surface should be avoided, particularly on high speed 
facilities. S]?0Cific requirements for cross slopes and curb placerent are 
given in Section III GEX:Mm1RIC DFSIGN. The use of grooving (parallel to 
the roadway) in concrete pavenents frequently improves the wet-iweather skid 
resistance and decreases likelihood of hydroplaning. This technique shoulc5 
be considered for locations requiring frequent vehicle maneuvers (curves, 
intersections, etc.) or where heavy traffic volurres or high speeds will be 
encountered. The depth, width and spacing of the grooves should be such 
that vehicle operations are not hindered. 

3. Structural Integrity 

The pavarent shall be designed and constructed so that the required 
pavanent surface texture is maintained and the pavanent does not rapidly 
ravel, breakup or spall. The .cigidi ty of the pavanent shall be sufficient 
t.o maintain its designed contour without the fonnation of ruts or other 
depressions which 'WOUld i.n;Jede good drainage. Tra:isverse and longitudinal 
joints in concrete pavanents should normally be equipped with load transfer 
devices to prevent excessive separation, settlerrent discontinuities or 
"pumping" at the joints. 'lbe strength of the paverrent shall be sufficient 
to prevent early breakup or "potholing". The subgrade for any type of 
pavatent (rigid or flexible) is a major factor in the assurance of the 
integrity of the pavatent. The current versions of the Florida Depart::nent 
of Transportation Manuals (Flexible Pavanent Design Manual and Flexible 
Pavement Rehabilitation) are recamended as a guide for flexible pavenent 
design. 

The AASm'O Interim Guide for Design of Paveuent Structu:-es 1972, 
Cllapter III Revised 1981, is utilized by the Depart:nent for rigid pavemant 
design. Design procedures such as those d.ocurrented in "Thickness Design 
for Concrete Pavements" published by the Portland Cerent Association and 
the "Municipal Concrete Pavement Manual, Guide Specifications and Design 
Staroards" ?lblished by the Anerican Concrete Pavercent Association may be 
applicable. The selection of the design procedure and the developrent of 
design data ItUSt be managed by professional personnel canpetent to make 
these evaluations. 
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B. PavercEnt Construction 

A regular program of inspection and evaluation should be conducted to 
ensure that the paverent criteria are satisfied during the construction 
process. Any regular LlS"pection program should include the follCMin.g 
elanents: 

1). The use of standard test procedures, such as AASH'ID and ASIM. 

2). The use of qualified personnel to perform testing and inspection. 

3). The use of an independent assurance procedure to validate the 
program. 

After construction the paverrent surface shall be inspected to determine 
that the required surf ace texture was achieved and that the surf ace is 
uniform with the specified slopes. Spot checking of skid resistance by 
approved rrethods should be considered. Inspection of the roadway during 
wet weather conditions should be carried out as soon as possible to quickly 
locate drainage problems such as depressions in the pavarent surface. 
Periodic reinspections should be urrlertaken in conformance with the 
guidelines in D. Pavement Maintenance. 

Rumble strips shall not extend closer than 18" fran the outside edge of 
paverrent. When such ridges (rumble strips) are carried to the outside edge 
of the pavarent bicyclist are often forced to cross to the opposite side of 
the roadway, setting up a hazardous situation. 

C. Shoulder Treat:rrent 

The primary ftmction of the shoulder is to provide an alternate trave:. 
path for vehicles in an erergency situation, and therefore, should be capa
ble of providing a safe path for vehicles traveling at the roadNay speed. 

The shoulder should be designed and constructed to provide a finn and 
uniform surface, capable of supporting vehicles in distress. Particula= 
attention should be given to providing a szrooth transition fran pavarent to 
shoulder and avoiding hazardous "drop-offs". 

D. Pavanent Maintenance 

Although gcod paverent maintenance requires a substantial portion of 
the total maintenance budget for streets and highways, it is necessary to 
ensure highway safety. The provision of a srrooth-riding, skid-resistant 
surface is necessary at all tines to allCM for safe vehicle maneuvers. The 
reduction of hydroplaning and splashing is essential for praroting safe and 
efficient operation during wet weather conditions. The elimination of 
driving discanfort, and vehicle damage encountered on detriorated 
pavarents, provides additional econanic justification for maintaining the 
pavE!llEnt in quality condition. 
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It is recognized that the quality program of pavarent :_-eplacerrent, 
correction and irnprovarent is very expensive and tlire-consuming. Adequate 
financing is, of course, required to successfully carry out this r~ainte
na.nce program. The establishment of appropriate budget priorities and 
careful planning can assist in developing and conducting a pavenent rrainte
nance pl:ogram that will, within a reasonable number of years, bring sub
standard pavarents up to the required quality. 

The primary puqx>se of pavarent maintenance is to ensure that the pave
ment characteristics prescribed in Pavercent Design and Pavetent ·Construc
tion are reasonably maintained. 

F.ach agency with responsibility for maintenance of streets and highways 
should establish and maintain a treaningful program of pavarent maintenance 
(including shoulders and drainage structures) for the entire system under 
its jurisdiction. This program should include: 

1. E\Taluation of existing streets and highways to identify inadequate 
pavarent. 

2. Establishrtent of a systanatic plan with the proper priorities for 
replacement or correction of inadequate pavarents. 

3. Establishment of procedures for corrections and improvatent of 
existing pavements that will result in satisfactory perfonnance. 

4. Establishrcent of a regular program of pavatent replacement, correc
tion and ~vement. 
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SECTION VI: ROAtMAY LIGmNG 

A. Introduction 

The major :ceason for lighting streets and highways is to irriprove safety 
for vehicular and pedestrian traffic. Improverrents in sight distance and 
reduction of confusion and distraction for nightt~re driving can reduce ~ 
hazard potential on streets and highways. There is evidence indicating 
that highway lighting will produce an increase in highway capacity as well 
as improve the econanic, safety and est.hetic characteristics of highways. 

Experience and technical :irnproverrents have resulted in improved design 
of lighting for streets and highways. Photacetric data provide a basis for 
calculation of the illumination at any point for various canbinations of 
selected luminaire types, heights and locations. The lighting engineer can 
develop a lighting system that will canply with the requirarents for level 
and uniformity of illumination; however, sare uncertainties preclude the 
adoption of rigid design standards. Ationg these uncertainties is tJ1e lack 
of understanding in the area of driver response and behavior under various 
lighting conditions. The design of lighting for new streets and highways, 
as ~11 as :irnproverents on existing facilities, should be accanpanied by 
careful consideration of the variables involved in driver behavior and 
problems peculiar to particular locations. 

B. Objectives 

~ objective for providing roadway lighting is the reduction of par
ticular hazards confronting rrotorists and pedestrians on the roamvay. The 
achievarent of this objective will be aided by neeting these speciffr~ 
objectives: 

1. Provide the driver with an improved view of tie general roadway 
gearetry and the adjacent environrcent. 

2. Increase the sight distance of drivers to improve resp:>nse to 
hazards and decision points. 

3. Improve the nultual view of rrotorists and pedestrians. 

4. Eliminate "blind" spots peculiar to night driving. 

5. Provide a clearer view of the general situation during police, 
arergency, maintenance and construction operations. 

6. Provide assistance in roadway delineation, particularly in the 
presence of confusing background lighting (e.g. , surrounding street and 
other area lighting confuses the driver on an unlighted street or highway) • 

7. Eliminate glare that is discanforting or disabling to the driver. 

8 • Avoid abrupt changes in light intensity. 
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9. Provide maintenance capabilities and procedures that will minimize 
hazards to notorists. 

10. Avoid the introduction of roadside hazards resulting fran imprope.::
placenent of light poles (as covered under gearetric design and roadside 
design). 

c. warranting Conditions 

Although precise warrants for provision of roadway lightL'l<J are diffi
cult to determine, criteria for lighting are established and should be 
followed for construction and for improvarent of existing facilities. Th·~ 
following locations should be considered as a basis for warranting roadway 
lighting: 

1. Criteria based up?n accident history: 

a. I.Dcations that, by an accident investigation program, have beeT"l 
shown to be hazardous due to inadequate lighting. 

b. I.Dcations where the night/day ratio of serious crashes is 
higher than the average of similar locations. 

c. Specific locations that have a significant number of nightt:i.m.~ 
accidents and where a large percentage of these nighttirre accidents result 
in injuries or fatalities. 

2. Criteria based UfOI1 analysis and investigation: 

a. IDCations that require a rapid sequence of decisions by the 
driver. 

b. I.Dcations where night sight distance proble11S exist with par
ticular consideration to vehicle headlight limitations (e.g. , where verti
cal and horizontal curvature adversely affect illumination by headlamps). 

c. I.Dcations that have discanforting or disabling glare. 

d. I.Dcations where background lighting exists, particularly if 
this could be distracting or confusing to the driver. 

e. I.Dcations where irrproved delineation of the roadway ali.nenent 
is needed. 

3 • General criteria: 

a. Freeways, expressways and rra jor streets and highways in urba..,_ 
areas. 
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b. Freeways with frequent (1/2 mile fion "on" ramp to "off" ~--amp) 
interchanges. 

c. Freeways with high volllIIE and sr;eea. 

d. Free.Nay interchanges including ramps and approach roadways. 

e . Acceleration and deceleration lanes. 

f. Rest areas. 

g. Junctions of freeways and major highways in rural ureas. 

h. Urban collector streets, particular 1 y with high sr;eed, high 
volt.mes or frequent turning novdnent.3. 

i. Urban streets of any category that experience high nighttL-:e 
voltlllEs or speeds or that have frequent signalization or turning iroveoonts. 

j . Areas that are frequently congested with vehicular and/ o:~ 
ped.estrian traffic. 

k. Pedestrian crossings. 

1. Schools, churches, bus stops or other pedestrian or bicycle 
generators. 

m. High density land use areas. 

n. Central business districts. 

D. Level of Illumination 

It is recamended that the level of illumination for streets and high
ways not be less than: 

1. Levels consistent with need and resources. 

2. Guidelines established by AASHO (An Infonnational Guide for 
Roadway Lighting - March 1969) • 

These levels are for ~ puq:ose of highway ~afety and do oot apply to 
lighting levels required for cri.ne reduction. 

E. Unifonnity of Illumination 

In order to avoid vision problems due to varying illumination, it is 
im{x:>rtant to naintain illumination unifo:rrnity over the roadway. It is 
reccmrended that the ratio of the average to t.i11e mininrum initial illumina
tion on the roadway be between 3: 1 to 4: 1. Where an average maintained 
illumination of less than 0.6 footcandle is indicated a 6:1 ratio applies. 
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A maximum to minimum tmifonnity ratio of 10:1 should not be exceeded. It 
is important to allow tine for the driver's eye to adjust to lower light 
levels. The first p:>les should be located on the side of the incalri..ng 
traffic approaching the illuninated area. The eye can irore quickly adjust 
to increased or increasing light level. In transition fran a lighted to an 
unlighted portion of the highways, the level should be gradually reduced 
fran the level maintained on the lighted section. This may b8 accanplished 
by having the last pole occur on the opp:>si te roadway. The roadway section 
following lighting tennination should be free of hazards or decision 
points. Lighting should not be terminated before changes in background 
lighting, or roadway gearetry, or at the location of traffic control 
devices. 

F. Underpasses 

One of tlle criteria to be followed to determine requirerrents for under
pass lighting is the relative level between illumination on the roadway 
inside and outside of the underpass. The height, width, and length of ti'l--:~ 
underpass determines the arcount of light penetration fran the exterior. 

1. Daytiue Lighting 

A gradual decrease in the illumination level fran daytine level on 
the roadway to the underpass should be provided. Supplarental daytime 
lighting is ronnally not needed in underpasses less than 100 to 200 feet in 
length. 

2. Night Lighting 

The nightt:i.ne illumination level in the un:lerpass should be main
tained near the nighttirce level of the approach roadway. Due to relatively 
low lumi.naire nounting heights, care should be exercised to avoid glare. 

G. ~tenance 

A program of regular preventive maintenance should be established to 
ensure that levels of illumination do not go below required values.· The 
program should be coordinated with lighting design to determine the mainte
nance period. Factors for consideration include a decrease in larrp output, 
luninaire canponents becaning dirty, and the physical deterioration of the 
reflector or refractor. The maintenance of roadway lighting should be 
incorporated in the overall maintenance program specified in SectionX 
~-

H. Light Poles 

Light {X)les should not be placed so as to provide a hazard to out-of
oont:rol vehicles. Light poles are generally of a frangible or breakaway 
design and should be placed outside of the roadway recovery area or as far 
renoved from the travel lane as {X>ssible, or behind adequate guardrail or 
other barriers. Light poles should be placed on the inside of the curves 
when feasible. Foundations or poles and rigid auxiliary lighting 
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ccmponents that are not behind suitable barriers should be cons~"""Uct.ed 
flush with or belON the ground level. Breakaway or frangible poles should 
not be used where there is a high probability that a falling pole may 
strike a pedestrian, or fall on a building or the roadway and create a 
greater hazard. 

'lb= use of High Mast Lighting should be considered, particularly fo:: 
lighting interchanges and other large plaza areas. This use tends to pro
duce a Itl)re unifonn illumination level, reduces glare and allONS place.rrent 
of the poles further fran the roadway. 

The placarent of light poles should not interfere with the driver's 
sight distance nor the view of signs, signals or other traffic control 
devices. Further criteria regarding the placerrent of roadside structu....-es, 
including light poles, is given in Section N ROADSIDE DESIGN. 
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SE'CI'ION VII: RAIL-HIGHWAY GFADE CROSSINGS 

A. Introduction 

The basic design for grade crossings should be similar to that given 
for highway intersections in Section III GECMETRIC DESIGN. Rail-highway 
grade crossings should be limited in number and should, where feasible, be 
accanplished by grade separations. Where at-grade crossings are necessary, 
adequate traffic control devices and proper crossing design are required to 
limit the probability of accidents. 

B. Objective and Priorities 

The primary objective in the design, construction, maintenance and 
reconstruction of rail-highway crossings is to provide for continuous flow 
of traffic in a safe and efficient manner. The achievement of this 
objective may be realized by utilizing the following techniques in the 
listed sequence of priority. 

1. Conflict Elimination 

The elimination of at grade rail-highway conflicts is the m:>st 
desirable procedure for pracoting safe and efficient traffic operations. 
This may be accanplished by the closing of a crossing or by utilizing a 
grade separation structure. 

2. Hazard Reduction 

The design of new at-grade crossings should consider the objective 
of hazard reduction. In addition, an effective program of reconstruction 
should be directed towards reducing the accident potential at existing 
crossings. 

The regulation of intersections between railroads and all public 
streets and highways in Florida is vested in the Florida Departrrent of 
Transportation (Rule 14-46) • It is the policy of the Department that each 
new grade crossing shall, as a minimum, be protected by flashing signals 
and bells at the crossing and other devices in accordance with the 
Manual on Uniform Traffic Control Devices for Streets and Highways and 
applicable Design Standards. 

The priorities and standards for upgrading existing crossings are 
also specified by the Departrrent of Transportation Highway Safety Improve
ment Program Manual. 

C. Design of Rail-Highway Grade Crossings 

The primary requiranent for the gearetric design of a grade crossing is 
that it provide adequate sight distance for the rrotor vehicle operator to 
make an appropriate decision as to stop or prc:x:eed at the crossing. 
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1. Sight Distance 

The sight distance requirercents for streets and highways at rail
highway grade crossings are similar to those required for highway intersec
tions (see Section III GEr:METRIC DESIGN) . Additional sight distance should 
be provided since train traffic has little or no stopping capabilities. 

a. Stopping Sight Distance 

The approach roadways at all rail-highway grade crossings 
should consider stopping sight distances no less than the values given in 
Table III-14 or Figure III-7 for the approach to stop signs. This distance 
shall be measured to a stopping point prior to gates or stop bars at the 
crossing, but not less than 15 feet from the nearest track. All traffic 
control devices shall be visible from the driver eye height of 3.50 feet. 

b. Visibility Triangle 

At grade crossings without train activated signal devices, a 
visibility triangle should be provided. 

The provision of the capability for defensive driving is an 
iroEx>rtant aspect of the design of rail-highway grade crossings. An early 
view of an approaching train is necessary to allow the driver tirre to 
decide to stop or to proceed through the crossing. 

The size of this visibility triangle, which is shown in Figure 
VII-1, is dependent upon the train speed limit, the highway design speed 
and the highway approach grade. The minimum distance along the highway 
(~) , includes the requirerrents for stopping sight distance, the offset 
distance (D) from the edge of track to the stopped p:>sition (15') and the 
eye offset (de) from the front of vehicles (10'). (See Figure VII-1, case 
1.) The required distance (d..r,) along the track, given in Table VII-1, is 
necessary to allow a vehicie to stop or proceed across the track safely. 
Where the roadway is on a grade, the lateral sight distance (c\n) along the 
Track should be increased as noted below Table VII-1. This lateral sight 
distance is desirable at all crossings. In other than flat terrain it may 
be necessary to rely on speed control signs and devices and to predicate 
sight distance on a reduced speed of operation. This reduced speed should 
never be less than 15 and preferably 20 mph. 

c. Crossing Maneuvers 

The sight distance required for a vehicle to cross a railroad 
fran a stop is essentially the sane as that required to cross a highway 
intersection as given in Section III GEr:METRIC DESIGN. 

An adequate clear distance along the track in both directions 
should be provided at all crossings. This distance, when used, shall be no 
less than the value obtained from Figure VII-1 and Table VII-1 (Case II). 
Due to the greater stopping distance required for trains, this distance 
should be increased wherever possible. 
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The crossing distance to be used shall include the total width 
of the tracks, the length of the vehicle, and an initial vehicle offset. 
This offset shall be at least 10 feet back f:ran any gates or flashing 
lights but not less than 15 feet fran the nearest track. The train speed 
used shall be equal to or greater than the established train s-peed limit. 

The setback for detennining the required clear area for sight 
distance (similar to that sh<:Mn in Figure III-11) should be at least 10 
feet nore than the vehicle offset. Care should be exercised to ensure that 
signal SUPPJrts and other structures at the crossing do not block the view 
of drivers preparing to cross the tracks. 

2. Approach Alinanent 

The alinarent of the approach roadways is a critical factor fa1 
developing a safe grade crossing. The horizontal and vertical alinarent, 
and particularly any canbination thereof, should be as gentle as possible. 

a. Horizontal Alinarent 

~ intersection of a highway and railroad should be made as 
near to the right angle (90 degrees) as J;X)Ssible. Intersection angles less 
than 70 degrees should be avoided. The highway approach should, if 
feasible, be on a tangent, since the use of a horizontal curve tends to 
distract the driver fran a careful observation of the crossing. The use of 
superelevation at a crossing is nonnally not p:>ssible, since this ~uld 
prevent the proper grade intersection with the railroad. 

b. Vertical Alinarent 

The vertical alinarent of the roadway on a crossing is an 
important factor in safe vehicle operation. The intersection of the tracks 
and tre roadway should constitute an even plane. All tracks should, 
preferably, be at the sane elevation, thus allo.<lng a sxrooth roadway 
through the crossing. Where the railroad is on a curve with 
superelevation, the vertical alinenr:mt of the roadway shall coincide with 
the grade established by the tracks. 

Vertical curvature on the crossing should be avoided. This is 
necessary to limit vertical notion of the vehicle. 

The roadway approach to crossing should also coincide with the 
grade established by the tracks. '!his profile grade, preferably zero, 
should be extended a reasonable distance (at least ~ tines the design 
speed in feet) on each side of the crossing. Where vertical curves are 
required to approach this section, they should be as gentle as p:>ssible. 
The length of these vertical curves shall be of sufficient length to 
provide the required sight distance. 
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3. Highway Cross Section 

Preserving the continuity of the highway cross sect.ion t."1rough a 
grade crossing is imp::>rtant to prevent distractions and to avoid hazards at 
an already dangerous location. 

a. PavE!llEnt 

The full width of all travel lanes shall be continued t.'1:rough 
grade crossings. The crown of the pavarent shall be rem:::>ved gradually to 
xreet the grade of the tracks. This pavarent cross slope shall be rerroved 
in conformance with the requirarents for superelevation ruroff. The later
al and longitudianal pavacent slopes should normally be designed to direct 
drainage away fran the tracks. 

b. Shoulders 

All shoulders shall be carried through a rail-highway grade 
crossings without interruption. The use of full-width paved shoulders is 
required at all new crossings to maintain a stable surf ace for ercergency 
maneuvers. The shoulders should be paved a minimum distance of 25 feet on 
each side of the crossing rceasured fran the outside rail. 

c. Medians 

The full rredian width on divided highways should be continued 
through the crossing. The nedian should be contoured to provide a SITOOth 
transition on the tracks. The use of signs and roadside delineation is 
recamended to discourage use of the rredian to cross the tracks. Signals 
should be installed in the rredian only when gate arms of 38 feet will not 
adequately span the approach roadway. 

d. Roadside Clear Zone 

Alth::>ugh it is often not practical to maintain the full width 
of the roadside clear zone the maxirrum clear area feasible should be 
provided. This clear area shall confonn to the requirarents for slope and 
change in grade for roadside clear zones. 

e. Auxiliary Lanes 

Auxiliary lanes are pennitted but rot encouraged at signalized 
grade crossings that have a large vol~ of bus or truck traffic that is 
required to stop at all times. These additional lanes should be restricted 
for the use of these s~ing vehicles. 'll1e approaches to these auxiliary 
lanes shall be designed as storage or deceleration lanes. The exits shall 
be designed as acceleration lanes. The requirarents for shoulders and 
horizontal clearance shall be based up::>n a consideration of these lanes as 
normal travel lanes. 
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4. Roadside Design 

The general requirerrents for roadside design given L"1 &-~tion III 
GECME:IRIC DE.5IQ.l and Section N ROADSIDE DESIGN should be followed at grade 
crossings. Supp:>rts for traffic control devices may be required within t.l'ie 
roadside recovery area. Due to the structural requirerents and the 
necessity for continuous operation, the use of a breakaway design is not 
reccmrended. The use of a guardrail or other longitudinal barrier is, 
also, not reccmcended, since an out-of-control vehicle would tend to re 
directed into the crossing. 

In order to reduce the hazard to errant vehicles, all StlpEX>rt 
structures should be placed as far fran the roadway as is practicable. 

5 • Access Control 

The general criteria for access control (see Section III GEX:l-1ETR.IC 
DESIQ.l) for streets and highways should be maintained in the vicinity of 
rail-highway grade crossings. Private driveways should not be pennitted 
within 150 feet, and intersections within 300 feet, of any grade crossing. 

6. Parking 

When feasible, no parking shall be penni tted within the required 
clear area for the sight distance visibility triangle. 

7. Traffic Control Devices 

The proper use of adequate advance warning and traffic control 
devices is essential for all grade crossings. Advance warning should 
include pavenent -.narkings and t\AXJ or nore signs on each approach. Each new 
crossing should be equipped with train-activated flashing signals. Gates 
when used should, ideally, extend across all lanes, but shall at l~st 
block one-half of the inside travel lane. Traffic Control devices shall be 
installed in agrearent with the Manual of Uniform Traffic Control Devices 
for Streets and Highways. 

8. Rail-Highway Grade Crossing SUrface 

F.ach crossing surface should be canpatible with highway user 
requirerrents and railroad operations at the site. When installing a new 
rail-highway crossing or reworking an existing at-grade crossing, welded 
rail should be placed the entire width fran shoulder point to shoulder 
p:>int. 

9. Roadway Lighting 

The use of roadway lighting at grade crossings should be cxmsidered 
to provide additional awareness to the driver. Illumination of the tracks 
can also be a beneficial safety aid. 
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10 • Crossing Configuration 

A recamended layout for a s:i.n;>le grade crossing is shown in Figure 
VII-2. Although the design of each grade crossing rcust be "tailored" to 
fit the existing situation, the principles given in this section should be 
follc:Med in the design of all crossings. 

D. Maintenance and Reconstruction 

The inspection and maintenance of all features of rail-highway grade 
crossings shall be an integral part of each highway agency's and railroad 
canpany' s regular maintenance program (see Section X MAINrENANCE) • Items 
that should be given a high priority in this program include: pavarent 
stability and skid resistance, clear sight distance and all traffic control 
and protective devices. 

The vertical ali.narent of the approach roadway should be adjusted when 
rail elevations are raised to prevent abrupt changes in grade and 
entraµrent of low clearance vehicles. See Section 316.170 of tie Florida 
Statutes for road clearance requirenents. 

The irrprovarent of all substaroard or hazardous conditions at existing 
grade crossin;Js is extrarely ~rtant and should be incoq:orated into the 
regular highway reconstruction program. The objective of t.ltls reconstruc
tion program should be to upgrade each crossing to rooet these standards. 
The priori ties for reconstruction should be based upon t.'"le guidelines set 
forth by the Oepartloont of Transportation. 
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Figure JZ1I - I 

VISIBILITY TRIANGLE AT RAILROAD CROSSINGS 

OR: 
Vehicle Crossing At Approach Speed 

£JTH£R." 
Vehicle Slopped 

Vehicle 

CASE I 

Approaching Train 

APPROACH/NG VEHICLE TO SAFELY CROSS OR STOP AT RAILROAD CROSSING 

Stop Line 

Stop Line 

Vehicle Accelerating 
From Stop 

Slopp~d Vehicl~ 

CASE II 

Approaching Train 

VEHICLE DEPARTING FROM STOPPED POSITION TO SAFELY CROSS RAILROAD TRACK 

For dH and dr values and crossing conditions see Table rzII-1. 
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Table JZII.-t 

SIGHT DISTANCE AT RAILROAD GRADE CROSSINGS 

DESIGN SIGHT DISTANCES FOR COMBINATIONS 
OF TRAIN AND HIGHWAY VEHICLE SPEEDS 
CONDITIONS: SINGLE TRACK 90° CROSSING 

DESIGN VEHICLE WB - 60 ( L=6:5
1

, de= 10
1

) 

FLAT HIGHWAY GRADES 
NO TRAIN ACTIVATED WARNING DEVICES 
TRACK WIDTH ( W) = ,, 
VEHICLE STOP POSITION ( n) = I'' 

CASE II 
VEHICLE CASE I 

DEPARTURE 
MOVING VEHICLE FROM STOP 

VEHICLE SPEED MPH 
TRAIN 

SPEED 0 10 20 30 40 50 60 70 

MPH dr (ft. J 
SIGHT DISTANCE ALONG RAILROAD TRACK 

JO 240 145 103 99 103 112 122 134 

20 480 290 207 197 207 224 245 269 

JO 719 435 310 296 310 337 367 403 

40 959 580 413 394 413 449 489 537 

50 /,/ 99 725 517 493 "7 561 611 571 

60 1,4 39 870 620 591 620 673 734 806 

70 I, 679 1,015 723 690 723 786 856 940 

80 I, 918 1,160 827 789 827 898 978 1,074 

90 2,158 1,305 930 887 930 1,0/0 1,10 I 1,209 

dH (ft.) 

SIGHT DISTANCE ALONG HIGHWAY 

95 150 225 350 500 675 875 

Sight distances are required in all quadrants of the crossing. 

Corrections must be made for conditions other than shown in 

the table, such as, multiple rails, skew, ascending and descending 

grades, and curvature of highway and rai Is. For condition 

aduslments and additional information refer to Railroad Grade 
Cross1ng under Chap fer TX of "A Policy On Geometric Design 
Of Highways And Streets': AASHTO 1984. 
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FIGURE W-2 

GRADE CROSSING CONFIGURATION 

RURAL 

- c:: (\J-

1!1 ------

~ ~~ 
RIS-1 Kl~ 

~ 
6' From Shoulder - ...., 

I 12.' Min.From Edge ~ 
I Of Travel Way 

I 
I 
I 
I 
~ Full Shoulders 

I 
I 
I Pavement Mark !ngs 

I 
I 
I 
I &!I~ 
I "-Advanced Warning 
I Slgn 

I 

PASSIVE CROSSING DESIGN SPEED 

Less Thon 35 MPH 

35 MPH - 45 MPH 

Flashing Light 
Signal tRequl redJ:. 
Automatic Gate Per 
F DOT Ru/ e 14-46 .03 

%In. Offset From £d9e 
Of Driving Lane To 
Inside Edge Of Device. 
tSee Chart Below) 

~ Full Shoulders 

I 
I 
I 
I 
I Pavement Markings 

I &!I 

I ~Advanced Warning 
I Sign -

I 

AllN. OFFSET 
6' 
8' 

Greater Thon 45 MPH 10' 

ACTIVE CROSSING 
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NED/AN SIGNAL GATES 
MUL Tl LANE UNDNIDIED URBAN SECTIONS 

(Four Or I.lore Driving Lones In One Direction J 
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For addltlonol lnformatfon see Index No. f1882,the 'Manual On Uniform Traffic 
Control Devices•, Part VIII: the •rrafflc Control Df:N!ces Handbook', Part VIII: 
and. AASHTO 'A Policy On Geometric Design Of _Streets and HighN(Jlfs•, 1984 .. 
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SECTION VIII: PEDESTRIAN TRAFF!~ 

A. Introduction 

The layout and design of the highway network should include provisions 
for pedestrian traffic in urban areas. All pedestrian crossings and path
ways within the highway right of way sh.--mld be considered and designed as 
an integral part of any street or urban highway. 

B. Policy and Objectives 

1. New Facilities 

The planning and design of new streets and urban highways shall 
include provisions for the safe orderly novatent of pedestrian traffic. 
Provisions for pedestrian travel outside of the highway right of way should 
be considered. 

The overall objective is to provide the safest practicable ~nviron
rrent for pedestrian traffic. 

2 • Existing Facilities 

F.ach highway agency reSJ;Onsible for maintaining or operating 
streets and urban highways should establish and maintain a pr~am of 
pedestrian safety for ~ urban highway network under its jurisdiction. 

C. Conflict Elimination and Reduction 

The planning and design of new streets and urban highways shall include 
provisions for the elimination of vehicle-pedestrian conflicts wherever 
feasible. Conflict p::>ints 'NOUld include pedestrian cross:iJ1gs, pathways 
parallel to the roadway, and other ~strian activity adjacent to a street 
or highway. 

The elimination of vehicle-pedestrian C'Ollflict points requires close 
coordination with the planning of pedestrian pathways and activity outside 
of the highway right of way. Care should be exercised to ensure that the 
elimination of a given conflict {X>int does not nerely transfer the problem 
to a different location. A reduction in the number of conflict p::>ints 
allows for econanical and effective 'control and protection at the remaining 
points of conflict, thus providing an efficient rrethod of pedestrian hazard 
reduction. Warrants and procedures for the el.imination of vehicle
pedestrian conflicts are given in the subsequent material. 

1. General Warrants 

The elimination of vehicle-pedestrian conflicts is accanplished by 
providing adequate horizontal, physical or vertical (primarily for cross
ings) separation between the roadway and the pedestrian pathways. Th~ 
following locations may, ~ver, be considered as warranting the 
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implementation of one or m:>re of the rceth::xls for el:im:L1ation of 
vehicle-pedestrian conflict. 

a. Locations where the volurre of pedestrian traffic i::; g~:eate::
than the vol\llle of vehicular traffic. 

b. Areas with a large number of children or elderly pedestrians. 

c. Areas adjacent to pedestrian generators such as schools, shop
ping centers, sports and amuserc~:mt facilities, and parking facilities. 

d. Sections of roadway that have any significant pedestrian 
traffic with one or m::>re of the following: 

1) A design si:eed (or posted speed limit) in excess of 40 MPH. 

2) Minimal sight distance. 

3) Significant changes in cross section or alinarent. 

4) 
distractions. 

Frequent vehicle maneuvers, decision points or 

5) Limited right of way. 

e. Crossings with one or ITOre of the following conditions: 

1) A high volume of pedestrians. 

2) A significant nurrt:>er of children or elderly pedestrians. 

3) The roadway operating at or near capacity. 

2. Independent Systans 

One ideal ireth:xi for eliminating vehicle-pedestrian conflicts is to 
provide essentially independent systems for vehicular and pedestrian 
traffic. This requires adequate land use allocation and restriction, (;:;ee 
Section II LAND DEVEIDPMENT) and the proper layout and design of pedestrian 
pathways and the highway network. 

Where independent systems are provided intersections between t~ 
two trodes (e.g., parking areas) are still required. Due to the small nun
ber of these intersections or conflict p:>ints, they can be econanically 
developed for safe and efficient operation. 

3. Horizontal Separation 

~ developrent of independent systems for pedestrian and vehicular 
traffic is the preferred neth:Xl for providing adequate horizontal 
separation. If independent systems are not feasible or have not been 
provided, pedestrian pathways parallel to the roadway may be necessary. 
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a. General Criteria 

Pedestrian pathways should be placed at least as far from the 
rural roadway as stipulated by the following criteria which are given in a 
sequence of desirability. 

1) outside of the highway right of way in a separately 
dedicated corridor. 

2) At or near the right of way line. 

3) outside of the designed roadside clear zone. 

4) outside of the minimum required roadside clear zone (see 
Section III GECl-IBTRIC DFSIGN) . 

5) "As far frcm edge of driving lane as possible. 

4 • Physical Separation 

Physical barriers may be used to assist in the separation of 
vehicular and pedestrian traffic. 

a. U:>ngi tudinal barriers such as guardrails, rigid barriers and 
bridge railings are designed primarily to redirect errant vehicles away 
fran roadside hazards. These barriers can also be used to provide valuable 
protection of pedestrian pathways fran out-of-control vehicles. 

Where adequate horizontal separation is not feasible, or where 
there is a significant hazard frcm out-of-control vehicles, longitudinal 
barriers may be utilized. 

b. Fencing 

The elimination of many potential vehicle-pedestrian conflicts 
may be accanplished by fencing to prevent pedestrian access to the roadway 
and to aid in channeling pedestrian traffic to the proper crossing points. 
Fencing shall not be considered as a substitute for longitudinal barriers 
but may be used in conjunction with these redirection devices. 

Fencing may be utilized to prevent access to streets and high
ways at the locations described in C .1. General Warrants. Fencing at the 
right of way line and placement of pedestrian (and bicycle) pathways in 
separate corridors outside of this line is a necessary procedure on limited 
access facilities. This procedure should also be used on streets and 
highways experiencing high speeds, large volurres of vehicular and pedestri
an (particularly children) traffic and at pedestrian generators. 
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5. Vertical Separations 

The use of overpass and UJ.-lderpass structu=es provides an effectivL! 
mathod for eliminating vehicle-pedestrian conflict. 'Ihis procedure is 
generally necessary to develop fully independent systems since scree inter
sections between the systems are generally unavoidable. 

Vertical separation should be utilized to effect the crossing of 
large pedestrian volurces and high speed highways, particularly where the 
traffic volurce on the roadway is at or near capacity. This rrethod of con
flict elimination is often justified at major pedestrian generators such as 
sch::>ols, shopping centers, sp:>rts and amusercent facilities, camercial 
l::uildirxjs, parks and playgrounds and parking facilities. 

a. overpasses 

The design of pedestrian bridges or overpasses should include 
provisions for additional vertical clearance since the consequences of 
being struck by a vehicle may be quite serious. Bridges :;hould be covered 
or screened to reduce the likelihcxXl of objects being dropped or thrONn 
onto t.00 roadway below. 

b. Underpasses 

Pedestrian underpasses or tunnels perfonn the sane function as 
overpasses. 'lbeir use is often convenient when the roadway is elevated 
sarewhat atove the surrounding terrain. 

Urderpasses may, however, be undesirable due to possibl~ 
problems in lighting, cleaning, policL"l<J, and flooding. The area adjacent 
to overpasses and underpasses may be fenced to prevent unsafe .-;rossings and 
to channel pedestrians to the vertical separation structure. 

D. Protection 

The design of all pedestrian crossings and parallel pathways within the 
right of way shall be considered as an integral part of the overall design 
of a street or urban highway. 

The developrent of protection at any remaining crossings or conflict 
points nust be adequate to achieve a total pedestrian transportation m:x1e 
that is reasonably safe. 

1. Crossings 

CUrb cut ramps shall be oonstructed at cross walks at all intersec
tions where curbs and sidewalks are constructed in order to give persons in 
wheelchairs safe access. 

The design of pedestrian c:::ussings should be based upon the 
following requirarents. 
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a. Crossings should be placed at locations with ample sight 
distances. 

b. At crossings, the roadway should be free fran changes in aline
rcent or cross section. 

c. The entire length or crosswalk shall be visible to drivers at a 
sufficient distance to allow a stopping maneuver. 

d. Stop bars shall be provided adjacent to all signalized cross
walks to infonn drivers of the proper location to stop. The stop bar 
should be well separated frcm the crosswalk but should not be closer than 4 
feet. 

e. All crosswalks shall be easily identified and clearly 
delineated, in accordance with Manual of t.rn:D. 

2. Controls 

Signs, signals and markings should be utilized to provide the 
necessary infonnation and direction for pedestrians. All directions and 
regulations should be clear, consistent and logical and should, as a 
minimlm, confonn to the requirarents given in the Manual of ll'ICT>. The use 
of audible as well as visual signals should be considered for pedestrian 
traffic control and regulation. 

3. Sight Distance 

The general requirercents for sight distances for ~ driver are 
given in Section III GECMETRIC DESIGN. 

Stopping sight distances greater than the minimum should be provid
ed at all pedestrian crossings. Tnese sight distances should include a 
clear view of the pedestrian approach pathway for at le..ast 15 feet fran the 
outside travel lane. Where parallel ~strian pathways are within the 
roadside recovery area, or where casual pedestrian crossings are likely, 
the nonnal required stopping sight distances should also include a clear 
view of the entire roadside recovery area. 

Sight distances shall be based up:m a driver's eye and object 
height as defined in MSHO design standards. Due to the small height and 
diarooter of pedestrians (particularly children) they. are generally easy to 
confuse with other background objects. 

Parking shall be prohibited where it 'WOuld interfere with the 
required sight distances. Particular care should be exercised to ensure 
that ample mutual sight distances are provided at all intersections and 
driveways. 
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4. Lighting 

Illumination of the roadway itself is not only imtx>rtant for th-~ 
safety of vehicular traffic but also valuable for the protection of pedes
trians. Vehicle headlamps often do not provide sufficient illumination to 
achieve the required stopping sight distance. Since this requirarent is of 
vital i.mp:>rtance at any p::>tential pedestrian crossing p::>int, illumination 
of the crossing should be considered. Lighting a street or highway is also 
valuable in improving the pedestrian's view of an oncaning vehicle. At 
intersections or other locations with vehicle turning maneuvers the vehicle 
headlights may not be readily visible to the pedestrian. 

'!be general requirarents for lighting on streets and highways are 
given in Section VI RO'NJilN/ LIGHTING. Pathways adjacent to a street or 
highway should not be illuminated to a level m::>re than twice that on the 
roadway itself. 

In general, lighting should be considered as warranted when it is 
necessary, at night, to provide the mutual sight distance capabilities 
described in the preceding Chapter 3. Sight Distance. I.Dcations with 
significant nighttine pedestrian traffic that should be considered for 
lighting 0f the roadway and the adjacent pedestrian pathways would iriclude 
the following: 

a. Any street or highway that rreets the wa,rranting criteria gi ve:l 
in Section VI. IDMMAY LIGHTING. 

b. Streets and highways with a s~ed limit in excess of 40 mph 
that do not have adequate pedestrian conflict elimination. 

c. Sections of highway with minimal separation of parallel pedes
trian pathways. 

d. Intersections, access and decision p:>ints, and areas adjacent 
to changes in alinarent or cross section. 

e. Areas adjacent to pedestrian generators. 

f. Bus stops and other mass transit transfer locations. 

g. Parking facilities. 

h. Pedestrian crossings. 

i. Any location where improvarent of nighttine sight distance will 
reduce the hazard of vehicle-pedestrian conflicts. 
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SECTION IX: Bicycle Facilities 

Until recently the needs of bicyclists have not been built into the 
design consideration of Florida's roadways. In recognition of this need 
special care should be taken to review all prop:>sed roadway improverrents 
for obstacles, barriers and specific hazards to bicyclists. 

Too often bikeways have been built where O{?EX>rtunities are available 
rather than where danand exists. At tines bikeways drew bike riders out of 
the nonnal context of traffic (bi-directional bikeways}, rendering than 
invisible frantr0torized traffic. 

It is roN recognized that to rreet the transportation needs of the bicy
clist it is necessary and appropriate to provide space and conditions suit
able for shared road m.:e throughout our transportation system. All new 
highways, except controlled access highways, should be designed and con
str:ucted under the assumption that they may be used by bicyclists. This 
requires special care in preparing the roarlway surface to accamodate 
1 1/4" tires (i.e., drainage grates, railroad crossings, lateral joints, 
pla~nt of RPM' s) , enhanced maintenance of the right m::>st p:>rtion of the 
roadway, and s~ial lane widening and shoulder considerations. 

It is roN incorporated by reference as official standards the following 
docurcent: FOOr Bicycle Facilities Planning and Design Manual, Revised 
August 1982 (and all subsequent revisions). This manual incorporates the 
October 1981 AASH'fO "Guide For Develop-rent of New Bicycle Facilities", and 
provides Florida transportation officials with the roost current and practi
cal standards available. 
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SECI'ION X: MAINI'ENANCE 

A. Introduction 

In order to provide for the safe and efficient rrovement of all nodes of 
traffic, it is essential to maintain all aspects of the road and 
right-of-way at the highest reasonable level of safety. Improvem:?nts 
consistent with upgrading of safety standards or changes in traffic are 
also required to maintain the facility in a quality condition. Sin~ 
maintenance is a costly operation, every effort should be made to provide 
the maxim.mt safety benefit fran each maintenance o~ration. The fact that 
a major portion of the maintenance effort is necessary to nerely preserve 
the econanic investnent in a facility should not be considered as 
justification for sacrificing the requirerents for maintaining or improving 
the safety characteristics of a street or highway. 

B. Objectives 

The ;rajor objectives of a maintenance program include the following: 

1. Maintain all highway features and canponents in the best 'fX)ssible 
condition. 

2. Improve sub-standard features, with the ulti..'llate goal to at least 
TCEet minimum standards. 

3. Provide for the mini.nun disruptions and hazards to traffic during 
maintenance operations. 

4. I.Dcation and reporting of inadequate safety features. 

c. Policy 

Each highway agency responsible for maintenance shall develop and main
tain a program of highway maintenance for the entire highway network under 
its jurisdiction. This program shall include the following activities: 

1. Identify needs. 

2. Establish priorities. 

3. Establish procedures. 

4. Establish and maintain a regular program of mainten;mce for all 
aspects. 

The program should be regul.a=ly evaluated and suitably nodified to 
praoote the maintenance of streets and highways in the best practicable 
condition. 

Section X - 1 



D. Identification of Needs 

The identification of maintenance needs is the first stage in t.'1e 
develoµrent of a successful naintenance program, and is required when any 
portion of the highway systan is in a sub-standard condition. Act.ion is 
also required to correct any situation which is hazardous or may becare 
hazardous in the near future. This may be accanplished by both regula::
inspection of ~ highway neh-Jork and proper analysis of accident records. 

1. Inspection 

Periodic and systematic inspection of the entire highway network 
under each agency's jurisdiction is required to locate situations that 
require i.mprovarents, corrections or repairs. These inspections should be 
oonducted by maintenance or traffic operations personnel, or other quali
fied personnel who are trained in the aspects of highway maintenance 
requirarents. 'llle cooperation of police and other agencies should be 
solicited to aid in maintaining the best rx>ssible surveillance of the sys
tem. The driving public should also be encairaged to provide assistance in 
identifying hazards or other unsafe conditions. 

2. Accident Records 

A regular program of accident investigations, records keeping, and 
analysis should be established to provide information for recamended 
highway mxlification and corrective maintenance requirements. Cooperatio:-1 
between maintenance, traffic operations and police agerx:ies is required, 
and activities of these agencies should be coordinated in accordance with 
the guidelines set forth in Highway Safety Program Stanaa;_~ds 
Identification and Surveillance of Accident locations. Inspe<....-tion of the 
highway network and analysis of accident records should be utilized to 
provide feedback for m:xli.fication of design and construction procedures. 

E. Establishrent of Priori ties 

The maintenance activities determined to be necessary by the identifi
cation program should be carried out on a priority basis. The establish
ment of priorities should be based to a large extent ui;:on the objective of 
pramting highway safety. A high priority should be given to the :improve
ment or correction of situations that may result in fatal or serious 
crashes. Preservation of highway investrrent and prarotion of efficient 
traffic operations are i.mp::>rtant maintenance objectives. Ew~ry effort 
should be made to ensure the highest safety payoff fran the maintenance 
dollar. 

F. Establishlrent of Prcx:edures 

StaOOard procedures and nethods for maintenance operations should be 
established for efficient, rapid and safe caupletion of the required work. 
All maintenance \oJOrk shall be conducted in accordance with the standards 
set forth in Section XI IDRK SITE SAFErY. Each maintenance agency should 
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develop its own Maintenance Manual or utilize the Maintenance Manuals of 
the Florida Department of Transp::>rtation. This r.anual should specify the 
methods, procedures, equip-rent, personnel qualifications and other aspects 
of the work necessary to ensure successful canpletion of maintenance 
operations. Procedures should be developed for arergency, routine and 
special operations. 

1. F.crergency Maintenance 

F.crergency maintenance operations are those required to irctoodiately 
restore the highway to a safe condition. En'ergency maintenance work should 
be carried out by personnel who are specially trained and qualified. Work 
uni ts, 'Which should be available on a twenty-four hour basis, should be 
connected with the errergency response ccmmmications system. Erergency 
operations would include the following: 

a. The rEmJVal of debris frcrn crashes, cargo spillage or other 
causes. This activity should be conducted in accordance with the guide
lines set forth in Highway Safety Program Standard 16. OP...bris Hazard 
Control and Cleanup. 

b. Replacerrent of inoperative traffic conL.--ol devices. 

c. Repair or replacerrent of damaged highway safety canponents such 
as lighting, traffic control devices, redirection and energy absorbing 
devices. · 

d. Repair or correction of any situation that provides an 
irmediate or unexpected hazard to the public. 

e. Assistance in any activity during arergency resp:>nse opera-
tions. 

2. Routine Maintenance 

Routine maintenance operations are those t.liat may be predicted and 
planned in advance. These operations, which may be preventive or correc
tive in nature, should be conducted on a regularly scheduled basis using 
standard procedures. Proper scheduling of these operations should be uti
lized to provide minirrum disruptions and hazards to the driving public. 
Routine maintenance would include operations such as: 

a. Cleaning and debris raroval fran the pava:rent, shoulders, and 
roadside clear zones. 

b. M:Jwing and other vegetation control operations to provide a 
sirooth recovery area and to maintain proper sight distance. 

c. Cleaning and inspection of gutters, ditches and other drainage 
structures. 
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d. Structural inspect.ion and preventive maintenance on bridges and 
other structures. 

e. Cleaning, replacerent and maintenance of roadway lighting fix-
tures. 

f. Replacerrent and maintenance of traffic control devices. 

g. Inspection and maintenance of redirection and energy absorbing 
devices. (See Section rv IDADSIDE DESIGN.) 

h. Inspection and maintenance of energency response ccmounicati•·~1 
systems and access facilities. 

i. Inspection and maintenance of pavarent and shoulders with par-
ticular enpuisis on maintaining shoulders flush with the pavarent. (See 
Section V PAVEMENT DESIGN, a:NSTRUCTION AND ~-) 

j. Inspect.ion and maintenance of all highway cauponents and safety 
features. 

3. Special Maintel'lailGe 

Special maintenance operations C4:"e defined as t:OOse projects that 
are neither urgent or routine in nature but are occasionally required to 
i.n;>J:ove or maintain a street or highway in a quality condition. Since 
these projects can be planned in advance of the initiation of any ~rk, 
procedures that provide for efficient, rapid and safe operations can b:! 
developed. To avoid continuing disruptions of traffic, the quality .and 
durability of these improvenents, corrections and repairs should be main
tained at the highest practicable level. Special maintanance should 
include the upgrading of the highway safety features, as well as, th~ 
repair or replacement of damaged or deteriorated highway canp::ments. These 
operations should be designed to upgrade or maintain the street or highway 
in accordance with the standards presented in this Manual, and ~uld 
include maintenance of the follONing features: 

a. Pavenent and Shoulders (See Section V PAVEMENT DESI~, CCN
STIU:TION AND .MA.Im'ENANCE.) 

b. Roadside Clear Zones 

Particular attention should be given to maintaining a sm::>oth 
surface with:>ut discontinuities due to erosion or drainage problems. Iarge 
vegetation, non-flush drainage structures, poles or other unguarded hazards 
or structures should be rerroved or protected. (See Section rv IDADSIDE 
DESIGN.) 
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c. Redirection and Energy Absorbing Devices 

Devices that are not properly perfonning their functions as 
described in Section IV ROADSIDE DFSIGN should be quickly rrodified. A high 
priority should be given to adding required redirection and energy 
absorbing devices and to the correction or m.xlif ication of inadequate 
devices. 

d. Drainage Facilities 

Drainage should be maintained to provide rapid renoval of water 
fran the pavement and shoulder to prevent overtopping of the roadway. 
Conditions pra:roting erosion or undermining of structures should be quickly 
corrected. 

e. Roadway Lighting (See Section VI FDNJifAY LIGHTING.) 

f. Traffic Control Devices 

These devices should be maintained in accordance with the stan
dard set forth in the Manual of Unifoon Traffic Control Devices. 

g. Rail-Highway Grade Crossings (See Section VII RAIL-HIGHWAY 
GRADE CROSSINGS. ) 

h. Gearetric Design Features 

These features would include all aspects of gearetric design 
described in Section III GEX:MEIT'RIC DFSIGN. Particular attention should be 
given to the provision for maintenance of adequate sight distance at inter
sections and on curves. Vegetation or other objects that may obstruct 
vision shall be rercoved. 

i. All Highway Safety Features and Canponents 

Major improvement projects such as alinerent improvements, 
changes in pavatent, shoulder, rredian or recovery area widths, ::a jor 
installations of lighting, traffic control devices or redirection and ener
gy absorbing devices should be considered as reconstruction projects. 
These projects should, where ~ssible, ~t the requirements for new con
struction as specified in this Manual. 

G. Maintenance Program 

The maintenance program should be carried out so as to correct the 
deficiencies detennined by the identification of needs program. It is 
important to follow the established priorities in the schedulbg of r:ainte
nance projects and to utilize the rrethods and procedures develoi;:ed for the 
various maintenance operations. Improv6'Cents in rrethods, equiprent and 
personnel training should be sought continuously to provide for rapid, 
efficient and safe rraintenance or:erations. Car2ful .:ind thorough ~ion 
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of all maintenance projects should be conducted to ensure canpletion of the 
~rk in coopliance with the standards prescribed by this Manual. 
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SECTION XI : WORK SITE SAFEI'Y 

A. Introduction 

Construction, maintenance and utility operations produce serious high
way safety problems. The changes in normal traffic flow and the unexpected 
conditions at many work sites provide hazardous situations and serious 
traffic conflicts. A canprehensive plan for work site safety is required 
to minimize the effects of these construction and maintenance operations. 

B. Objectives 

The general objectives of a program of work site safety is to protect 
workiren, pedestrians and m:>torists during construction and maintenance 
operations. This general objective may be achieved by :rreeting the follow
ing specific objectives: 

1. Provide adequate advance warning and information regarding upcaning 
work sites. 

2. Provide the driver with clear directions and understanding of the 
situation he will be facing as he proceeds through or around the work site. 

3. Reduce the consequences of an out-of-control vehicle. 

4. Provide safe access and storage for equiprent and material. 

5. Prarote speedy canpletion of projects (including thorough cleanup 
of the site) • 

6. Prarote use of the appropriate traffic control and protection 
devices. 

7. Provide safe passageways for pedestrians thru, in and/or around 
construction or maintenance 'WOrk sites. 

C. Policy 

Each highway agency with resp:>nsibili ty for construction, maintenance 
and operation of streets and highways shall develop and maintain a program 
of 'WOrk site safety, as set forth in the Manual of Uniform Traffic Control 
Devices (MUI'CD), as published by the Federal Departrrent of TransIXJrtation 
(Federal Highway Administration). Additional guidance may be obtained fran 
the Florida Departrrent of Transp::>rtation's Roadway and Traffic Design 
Standards and the current Standard Specifications for Road and Bridge 
Construction. 
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D. Planning of Operations 

The achieverrent of work site safety requires careful and canplete 
planning prior to the initiation of any work project. The planning objec
tive is to develop a canplete operational plan which would include consid
eration of the following: 

1. Project Require:rrents 

a. Type of Operation 

Construction and maintenance projects may be classified as 
routine, anergency or special operations. 

1) Routine 0perations 

Routine operations would involve projects such as nowing, 
street cleaning and preventive maintenance operations that are conducted on 
a regularly scheduled basis. 

2) ~rgency 0perations 

~rgency operations are those which require praapt effi
cient action to restore the roadway to a safe condition. These would 
include operations such as clearing stonn or crash debris, repairing or 
replacing damaged highway safety canExments and restoring inoperative traf
fic control devices. 

3) Special 0perations 

Special operations are defined as those projects that are 
neither routine nor emergency in nature but are occasionally required to 
maintain or uwrade a street or highway. These would include any construc
tion, maintenance, utility or other operation that would produce a hazard 
to worklren, pedestrians or rrotorists. Any activity that involves encroach
ment upon the highway right of way by workrren, equiprent or material stor
age and transfer shall be subjected to the requirements for work site 
safety. -

b. Nature of Work 

The developrent of the operation plan for 1N0rk site safety 
should include consideration of the following factors: 

1) The tine span required. 

2) The requirercents for continuous operation or occupation of 
the tNOrk site. 
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3) The capability of clearing the site during cessations of 
\\lOrk activity. 

4) The various construction :rrethods , equiµcent, and procedures 
that may be utilized. Evaluation of alternate rrethods should be undertaken 
to detennine the safest and rrost efficient procedures. 

5) The necessity for storing equiprent or material in the 
highway right of way. 

6) Operations that may expose workrren to hazards fran through 
traffic. 

7) Hazards to out-of-control vehicles such as excavations or 
unguarded structures or equiprent. 

8) Site conditions that may be confusing or distracting to the 
driver or produce sight distance problems. 

9) Particular problems associated with night safety. 

10) Equiµtent inspection and preventive maintenance program. 

c. Nature of Work Site 

The nature of the work site and the prevailing traffic condi
tions should, to a large degree, influence the procedures incorporated into 
the operation plan for work site safety. A determination of the nonnal 
vehicle speeds and traffic volurres is essential. The distribution of 
traffic with respect to tine (hour, day, etc.) and direction is also impor
tant for establishing traffic control procedures. 

2. Work Scheduling 

Proper work scheduling and sequencing of operations will not only 
prarote efficiency but also improve the safety aspects of construction and 
maintenance operations. Where feasible, routine operations and special 
projects should be conducted during periods of lc::M traffic volume to reduce 
conflicts. Projects that may be carried out concurrently at the sane site 
should be scheduled sinnlltaneously to eliminate successive disruptions of 
traffic. Major projects that impede or restrict traffic flc::M should be 
coordinated and sequenced with similar projects in adjacent areas so as to 
produce a mininrum of disruption to orderly traffic flc::M in the overall 
highway network. The scheduling of work at a given location should include 
consideration of traffic generation (including special events), as well as, 
traffic restrictions by work activities on the surrounding highway network. 

3. Traffic Control and Protection 

The plans for traffic control around or through work sites should 
be developed with safety receiving a high priority. The plans should 
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include protection at work sites when t.NC>rk is in progress and when opera
tions have been halted (such as during the night). Provisions for the 
protection of work crews, traffic control personnel, pedestrians and rotor
ists shall be included in the operation plans. In all cases the operation 
plan for traffic control and protection shall include provisions for the 
following: 

a. Mvance Warning 

b. Clear View of Work Site 

c. Roadway Delineation 

d. Regulatory Infonnation 

e. Hazard Warning 

f. Barriers 

g. Pedestrian Safety 

h. Access 

i. location of Vehicles and F,quiprent 

j • Night Safety (See Section VI IDA!l-lAY LIGHITNG) 

k. Personnel Training 

1. Traffic Control and Protection Devices 

4. Coordination with Other Agencies 

To ensure safe and efficient construction and maintenance opera
tions, the operation plan should be developed and executed in cooperation 
with all interested individuals and agencies including the following: 

a. Highway Agencies 

b. Police Agencies 

c. Em!rgency Agencies 

d. Contractors 

e. Utilities 

f. Building Oepartrrents 

g. Mass Transit Agencies 
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h. Traffic Generators 

i. I.Deal Residents 

j. Neighboring Jurisdictions 

E. Work Site Operations 

Construction and maintenance projects should follow the operation plan 
and should include: 

1. Public Infonnation 

All reasonable effort should be made to infonn the public of the 
location, duration and nature of impending construction or maintenance 
projects. 

2. Contracts and Pennits 

For construction and reconstruction projects the general 'NOrk site 
layout, the traffic control and protection procedures, occupational safety 
and health requirerrents and specific traffic control devices required 
should be incorporated in the contract plans and specifications. 

kny construction work by utility canpanies that involves encroach
m:mt of the highway right of way by workrren, equiprent, material storage 
and transfer or other hazardous conditions should be prohibited unless a 
penni t by the appropriate highway agency is issued. Afl.y maintenance by 
utility canpanies that involves encroachrcent of the highway right of way by 
workiren, equiprent, material storage and transfer or other hazardous 
conditions shall be conducted in accordance with the requirercents for YJOrk 
site safety and OSHA. 

3. Inspection and Supervision 

A regular program of inspection and supervision of all construction 
and maintenance projects shall be established and executed. 

F. Evaluation of Program 

The entire program for YJOrk site safety should be periodically evaluat
ed and revised so as to provide the safest practicable environment for 
workiren, pedestrians and rrotorists during construction and maintenance 
operations. 
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8; VIII-1, 2, 3, 4, 6; IX-1, 2, 3, 4, 5; XI-1, 2, 3, 4, 5 

horizontal alinerrent 
III-7, 17, 25, 31, 65; IV-2; VII-3 

inlets 
IV-4 

interchanges 
III-25, 37, 44, 68, 70, 71; VI-3, 5, 8, 10 

intersection 
3; II-1, 3, 4; III-5, 7, 8, 9, 16, 25, 31, 32, 36, 37, 39, 40, 41, 43, 
44, 45, 46, 47, 48, 54, 62, 66, 67, 68, 71, 72, 73, 74, 75; IV-5, 6, 
10; V-2; VII-1, 3, 5; VIII-2, 4, 5, 6; X-5 

islands 
III-67 

land develo~nt 
I-2, II-1, 2, 3, 4, 5, 6, 7; III-43, 72; VIII-2 

lanes 
III-5, 8, 16, 25, 26, 27, 28, 31, 38, 39, 41, 43, 45, 46, 48, 58, 59, 
60, 62, 64, 65, 66, 67, 71, 72; VI-3, 8; VII-4, 5 

lane widening 
III-5, 11; IX-1 

lengths 
III-16, 60, 62, 69, 70, 71 

level of service 
I-2, 4, 5, 6; III-25 

lighting 
II-4; III-1, 7, 40, 46, 47, 75; IV-6, 10; VI-1, 2, 3, 4, 5; VII-5;
VIII-4, 6; X-3, 5; XI-4 

mail.b::>xes 
IV-7 

maintenance 
I-1, 2, 3, 6, 7, 8; III-1, 25, 26, 43, 46, 74, 75; IV-1, 3; V-1, 3, 4; 
VI-1, 2, 4, 6, 7, 9; VII-1, 6; IX-1; X-1, 2, 3, 4, 5, 6; XI-1, 2, 3, 4, 
5 
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INDEX 

markings 
III-16, 38, 44, 67, 68, 73; VII-5; VIII-5 

rredian 
II-4; III-7, 17, 25, 26, 27, 31, 32, 33, 34, 38, 40, 48, 65, 67, 71, 
72, 73, 75, 76; IV-1, 2, 4, 5, 6, 7, 9, 10; VII-4; X-5 

median barriers 
III-7, 31, 32, 67, 76; IV-1, 7 

rredian openings 
III-31, 40, 67 

rrerging 
III-16, 38, 45, 58, 59, 68; IV-3 

new construction 
3; III-2, 76; X-5 

parking 
II-4, III-26, 37, 46; IV-1; VII-5; VIII-2, 4, 6 

passenger car 
III-6, 58, 59, 62 

passing sight distance 
III-8, 17, 22 

pavement 
III-1, 2, 5, 10, 11, 16, 25, 26, 28, 29~ 31, 32, 38, 46, 48, 55, 58, 
59, 66, 67, 68, 72, 75, 76; IV-4; V-1, 2, 3, 4; VII-4, 5, 6; X-3, 4, 5 

pedestrian traffic 
II-1; III-71, 72; VI-1, 3, 6, 8; VII-5; VIII-1, 2, 3, 4, 5, 6 

pedestrians 
I-7; III-46, 71, 72, 73, 74; IV-2; VI-1, 6; VIII-1, 2, 3, 4, 5, 6; 
XI-1, 2, 3, 5 

planning 
I-1, 2, 3, 6, 7, 8, 9; II-2, 5; III-25, 43; V-3; Viii-1; IX-1; XI-1 

protective devices 
II-5; III-72; IV-2, 6, 7, 10; VII-1 

radii 
III-5, 65, 66; VII-1 

rail - highway grade crossings 
VII-1, 2, 3, 4, 5, 6, 7, 8, 9; X-5 

ramps 
III-40, 66, 68, 73, 74; VI-3, 8; VIII-5 
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INDEX 

reconstruction 
3; I-2, 7; II-7; III-1, 74, 75, 76; IV-1, 2, 3, 4, 5, 6; VII-1, 6; X-5, 
XI-5 

right-of-way 
3; II-1, 2, 5; III-1, 2, 7, 17, 37, 38, 72; X-1 

roadside 
3; II-1, 5, 7; III-1, 27, 31, 32, 35, 37, 39, 45, 66, 67, 71, 72, 73, 
75, 76; IV-1, 2, 3, 4, 5, 6, 7, 8, 9, 10; VI-2, 5, 7, 10; VII-4, 5; 
VIII-3, 5; X-3, 4, 5 

roadside canals 
IV-3 

roadway 
II-2, 3, 5, 6; III-1, 2, 3, 4, 5, 7, 9, 10, 11, 17, 26, 27, 31, 32, 35, 
37, 38, 39, 44, 45, 46, 47, 48, 58, 59, 62, 65, 66, 67, 68, 70, 71, 72, 
73, 75, 76; IV-1, 2, 3, 4, 5, 6, 7, 9, 10; V-1, 2, 3; VI-1, 2, 3, 4, 5, 
6, 7, 8, 9, 10; VII-2, 3, 5; VIII-1, 2, 3, 4, 5, 6; IX-1, X-3, 5; XI-2, 
4 

shoulders 
III-5, 16, 26, 30, 31, 35, 38, 39, 58, 66, 72, 73, 75; V-3, 4; VII-4; 
X-3, 4 

side slopes 
III-35; IV-3, 5 

sidewalks 
III-38, 39, 72, 73, 74; IV-7; VIII-3, 5 

sight distance 
II-2, 4, 5, 6; III-1, 3, 5, 7, 8, 9, 17, 24, 25, 37, 40, 45, 46, 47, 
48, 49, 50, 51, 52, 53, 75; IV-2; VI-1, 2, 5, 6, 7, 10; VII-2, 3, 5, 6, 
8; VIII-2, 5, 6; X-3, 5; XI-3 

signs 
III-4, 5, 17, 38, 44, 45, 46, 47, 71, 73, 75; IV-6, 10; VI-5, 10; 
VII-2, 4, 5; VIII-5 

skid resistance 
I-1, 4, 5, 6; V-1, 2, 3; VII-6 

speed 
I-1, 4, 5, 6; II-3; III-2, 3, 4, 5, 7, 8, 9, 10, 11, 16, 17, 20, 25, 
27, 31, 35, 36, 37, 39, 41, 43, 45, 46, 47, 49, 58, 59, 60, 61, 61, 66, 
71; IV-2, 5, 7, 10; V-2, 3; VI-3, 8; VII-2, 3; VIII-2, 4, 6; XI-1, 3 

speed change lanes 
III-46, 60 
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spirals 
III-10 

stopping sight distance 

INDEX 

IIl-7, 8, 17, 21, 23, 24, 45, 46, 47, 49, 65; VIT-2; VIII-5, 6 

structures 
III-7, 9, 35, 37, 38, 39, 40, 46, 71, 72, 76; IV-5, 6; V-2, 4; VI-5, 
10; VII-3, 5; VIII-4; X-3, 4, 5; XI-3 

superelevation 
III-9, 10, 11, 12, 13, 16, 25, 48, 65, 67; VII-3, 4 

tangent runout 
III-11 

tenninals 
III-69, 70 

traffic 
I-2, 3, 4, 5, 6, 7 I 8; II-1, 2, 3, 4; III-1, 2, 3, 4, 5, 7, 8, 10, 16, 
25, 26, 27, 31, 32, 35, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 
58, 59, 65, 67, 68, 71, 72, 73, 75, 76; IV-2, 3, 6; V-2; VI-1, 3·, 4, 5, 
6, 8, 9, 10; VI-1, 2, 4, 5, 6; VIII-1, 2, 3, 4, 5, 6; IX-1; X-1, 2., 3, 
4, 5; XI-1, 2, 3, 4, 5 

traffic control 
I-6, 7, 8; II-2; III-1, 3, 37, 39, 68, 73, 76; IV-6; VI-4, 5, 9, 10; 
VII-1, 5, 6; VIII-5; X-3, 5; XI-1, 2, 3, 4, 5 

traffic control devices 
I - 7; III -1 , 3 , 3 8 I 3 9 I 6 8 I 7 3 I 7 6 ; VI -4 I 5 , 9 I 10 ; VII -1 , 5 ; X-3 , 5; 
XI-2, 5 

transit shelters 
III-74 

transitions 
III-10, 11, 66, 73; IV-9 

traveled way 
3 ; II -4 i III -32 I 35 ' 71 , 7 5 ; IV-1 I 2 

trucks 
III-6, 11, 16 

turning roadways 
3; III-11, 46, 47, 62, 65, 66, 68 
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turning lanes 
III-58 

utilities 
I-3, 7; II-4; III-72, 73; IV-2, 6; XI-4 

u-turns 
III-43 

vehicles 

INDEX 

4; I-4, 9; III-2, 3, 5, 6, 16, 26, 27, 32, 35, 36, 39, 41, 45, 46, 47, 
48, 58, 59, 62, 65, 66, 67, 68, 71, 72, 73, 74, 75; IV-1, 2, 7; V-1, 3; 
VI-4, 9; VII-4, 5; VIII-3; XI-3, 4 

vegetation 
III-7, 46, 75; IV-3, 4; X-3, 4, 5 

vertical alinenent 
III-1, 16, 17, 65; IV-2; VII-3 

vertical clearances 
III-5, 39 

vertical curves 
III-16, 44, 65; IV-2; VII-3 

volurre 
I-1, 4; III-1, 2, 5, 25, 26, 27, 28, 31, 35, 36, 37, 41, 43, 58, 59, 
72; IV-2; V-2; VI-3, 8; VII-4; VIII-2, 4; XI-3 

warrants 
VI-2, 7; VIII-1, 4 

widening 
II-5; III-5, 11, 75; IX-1 

width 
III-2, 5, 6, 10, 11, 17, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 
36, 37, 38, 48, 58, 62, 65, 66, 67, 73; IV-2, 4, 7, 8; V-2; VI-4, 9; 
VII-3, 4; X-5 

v.ork site safety 
I-7; X-2; XI-1, 2, 3, 4, 5 
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